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SUMMARY

Indoor air quality was monitored in Stradley-type ammunition

magazines during the use of diesel-powered forklifts to determine

worker exposures to exhaust components. The monitoring took

place during storage and handling operations. The primary test

vehicles used during this investigation were a Still forklift

powered by a Deutz (F3L912W) diesel engine and a Hyster forklift

powered by a Per; ins (4.2C" diesel engine. Both breathing zone

(personal) and continuous monitoring data were collected during

the operation of the two vehicles. Ambient windspeed, ambient

and magazine temperature, and magazine ventilation air velocity

were also monitored and recorded during the tests.

The impact of diesel exhaust on breathing zone exposures and

magazine air quality was monitored for two kinds of ammunition

storage and handling operations: loading/unloading operations

and warehousing operations. The following exhaust components

were monitored: total suspended particulates, polycyclic aromatic

hydrocarbons, carbon monoxide, carbon dioxide, sulfur dioxide,

nitrogen dioxide, and oxides of nitrogen, sulfuric acid as total

sulfates, total hydrocarbons, and odorants.

The primary objectives of the investigation were 1) to

determine the ability of the forklift operations to meet Federal

Occupational Safety and Health Administration (OSHA) standards
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and American Conference of Governmental Industrial Hygienist

(ACGIH) exposure limits, and 2) to assess the relative "cleanli-

ness" of the two diesel-powered test vehicles. In addition, the

Army was interested in obtaining information to use as a data

base for validation of a predictive model designed to estimate

indoor air quality at Stradley and similarly designed ammunition

magazines.

The test results indicated that the impact of diesel exhaust

on workplace exposures and magazine air quality depends largely

on the operations being performed. Of the two operations

investigated, the warehousing operations presented the greater

potential risk to the health and safety of Army personnel. A

comparison of breathing zone exposures and continuous monitoring

data with existing workplace standards indicates that nitrogen

dioxide is the only exhaust component of those measured that

presents a potentially serious health risk. Test results also

indicated that the use of the Hyster/Perkins forklift during

warehousing operations exposed Army personnel to nitrogen dioxide

levels in excess of the ACGIH's threshold limit value (TLV) for

this substance [the emission level was equal to approximately 64

percent of the OSHA permissible exposure limit (PEL)]. Although

neither the PEL nor the more stringent TLV for nitrogen dioxide

was exceeded during the use of the Still/Deutz forklift, the

exhaust from this vehicle generated concentrations approaching

the TLV.
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A statistical test of the air quality data collected during

warehousing operations when both low-sulfur (0.4 percent) and

high-sulfur (1.02 percent) fuels were used indicated that the

operation of the Still/Deutz vehicle is significantly cleaner

than that of the Hyster/Perkins vehicle. The OSHA permissible

exposure limits or ACGIH threshold limit values for the exhaust

components measured were not exceeded during the operation of the

Still/Deutz vehicle.

The severe weather conditions during the testing and their

subsequent effect on engine operation and magazine ventilation

prevented a final assessment of the vehicle's absolute safety.

Additional testing is proposed to arrive at better

quantification of personnel exposure and magazine air quality

during the use of the Still/Deutz vehicle. The main objective of

the additional testing would be to monitor key exhaust components

emitted from the Still/Deutz vehicle under opposite environmental

conditions (i.e., lower ambient windspeeds and warmer

temperatures) in an effort to complete the safety assessment of

this vehicle. The additional testing would be limited to a

shorter list of exhaust components (nitrogen dioxide, nitric

oxide, carbon monoxide, sulfur dioxide, sulfuric acid, and

possibly total suspended particulates and polycyclic aromatic

hydrocarbons).

A tracer gas study designed for better characterization of

*magazine ventilation is also proposed.
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I. INTRODUCTION

The U.S. Army currently uses gasoline- and electric-powered

forklift trucks on a broad scale for ammunition handling

operations in both the United States and Europe. Until a recent

change in regulations, only electric-powered forklifts could be

used inside ammunition storage magazines. Gasoline trucks have

generally been used for all operations outside the magazines

because of their speed and mobility advantages over electric

trucks. The need to reduce or eliminate the problems associated

with supporting electric forklift use at remote locations in

Europe and the need to improve the Army's ability to move large

quantities of supplies rapidly prompted an investigation to

determine if electric forklifts could be replaced by diesel

forklifts. As part of this investigation, a program was begun

to evaluate the safety of exhaust emission levels inside

ammunition magazines during the movement of large quantities of

ammunition with diesel-powered forklifts.

OBJECTIVES

The objectives of this investigation are to acquire suffi-

cient indoor air monitoring data to assess the exhaust emission

0characteristics and health hazard potential of two "low emission"

diesel-powered forklift trucks: a Still forklift powered by a

Deutz (F3L912W) engine and a Hyster forklift powered by a

/

w1

-/ .. . •



Perkins (4.2032) engine. Specifically, the investigation is

designed to determine whether these vehicles can operate safely

in a partially enclosed area for an amount of time compatible

with both normal and military mission requirements. To meet

these objectives, PEDCo Environmental, Inc., conducted a series

of indoor air monitoring tests at the U.S. Army Defense Ammuni-

tion Center and School near Savanna, Illinois. These tests

evaluated the impact of exhaust emissions from diesel-powered

forklift trucks on indoor air quality in Stradley-type ammuni-

tion storage magazines. The data from these air monitoring

tests are to be used: 1) to determine the ability of the fork-

lift operations to meet Federal OSHA standards, 2) to assess the

relative "cleanliness" of the two test vehicles, and 3) to

provide a data base from which the Belvoir R&D Center could

validate a predictive model designed to estimate indoor air

quality at Stradley and similarly designed ammunition magazines.

SCOPE OF WORK

The scope of work for this investigation covers the follow-

ing tasks:

a) Become familiar with the use of a forklift truck
during operations in ammunition storage magazines.

b) Generate a list of exhaust components to be sampled
and explain why each should be monitored.

c) Develop a detailed test plan for measuring and analyz-
ing each of the specified diesel exhaust components.

8Determine the type of test to be used; procedures and
techniques for taking air samples; and the methodolo-
gy, procedures, and equipment to be used for analysis
and characterization of the samples taken.

2
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d) Conduct indoor air quality monitoring tests during
simulated ammunition handling operations at two
magazines at the U.S. Army Defense Ammunition Center
and School near Savannah, Illinois.

e) Analyze the indoor air quality data obtained during
the test and, where applicable, compare it with
Federal OSHA permissible exposure limits.

f) Provide technical input that can enable the Army to
determine whether a diesel-powered forklift truck,
based on its emission output, is suitable for opera-
tions in ammunition storage magazines.

3
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1I. INVESTIGATION

OPERATION OF FORKLIFT TRUCKS IN AMMUNITION STORAGE MAGAZINES

Two model scenarios are presented to characterize the

operation and movement of forklift trucks in ammunition storage

magazines. The first, which is described as a loading/unloading

operation, is characterized by the movement of supplies in and

out of a magazine. The second, which is described as a ware-

housing operation, involves the movement or rearranging of

supplies within a magazine.

The loading/unloading operation is typified by the movement

of supplies out of the magazine to waiting transport vehicles or

into the magazine from the same vehicles. The activity of a

forklift truck during loading/unloading operations can be

classified into three modes: 1) movement while empty, 2)

movement under loaded conditions, and 3) activities involving

load transfer. During a loading/unloading operation the three

modes are each performed once while the vehicle is inside the

magazine; i.e., the vehicle enters the magazine in either a

loaded or unloaded condition, transfers the load to or from

storage inside the magazine, and leaves the magazine either

loaded or empty, depending on its mission.

/
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Warehousing operations involve the movement of ammunition,

but only within the magazine. The activity of a forklift truck

during warehousing operations is substantially different from

that during loading/unloading operations. Although the ware-

housing operation can be divided into the same three activity

modes, all three modes are performed within the magazine and

load transfer is performed twice for each load being handled.

Although any given forklift operation can vary from the

two model scenarios presented above, it is believed that these

models present a reasonably accurate picture of what most

operations are likely to involve. Figure 1 is a pictorial

representation of the two model scenarios.

COMPONENTS OF DIESEL EXHAUST

Toxicological research programs are currently attempting to

determine if diesel vehicle emissions have physical or chemical

properties that would make them significantly more toxic than

other combustion products associated with the use of fossil

fuels. To date, however, no unique compounds have been identi-

fied in diesel emissions that present new concerns. Despite

the lack of conclusive research, some measurement of airborne

contamination must be attempted to ensure that the diesel-

powered equipment the Army plans to purchase will not adversely

5
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Figure 1. Two model scenarios for the operation and
movement of forklift trucks in ammunition storage magazines.
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affect the health of its personnel. A number of chemical sub-

stances can be considered prime candidates for testing. Candi-

date selection is based on a substance's capacity for producing

a serious health hazard, having an irritant effect, or generat-

ing a noxious odor. Concern about a substance's toxic effects

is obvious; the health and safety of Army personnel are impor-

tant during both normal and combat service support operations.

Irritant effects and noxious odors are important because their

presence could hinder forklift operations during the execution

of a military mission by adversely affecting morale. Final

selection of exhaust components to be tested is also based on

the availability of accurate and reliable methods of sampling

and analysis.

Table 1 presents the diesel exhaust components tested

during the forklift operation and their relevant health effects.

These components include both airborne particulates and gaseous

substances generated during the operation of diesel engines.

Particulate Component

The particulate components of diesel emissions include both

soluble and insoluble fractions. Particulates were monitored as

total suspended particulate (TSP) and polycyclic aromatic hydro-

carbons (PAH). Total suspended particulates were considered

during this investigation because this category of particulate

is regulated by OSHA as nuisance or irritant dusts. Polycyclic

aromatic hydrocarbons (PAH) are of particular interest because

7
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their presence can be an indication of the potential carcinogen-

icity of diesel exhaust. Although PAH are emitted from fossil

fuel sources both as gaseous vapor and particulate, when re-

leased into the environment, the vapor portion will condense as,
2

or on, fine particulates. Because of the importance of PAH,

the soluble fraction of each particulate sample was analyzed for

this group of substances.

Gaseous Component

The gaseous emission components tested were carbon monoxide

(CO), carbon dioxide (CO2) , oxides of nitrogen (NOx), sulfur

dioxide (SO2 ), and sulfuric acid aerosols as sulfates 
(SO4 +2).

Carbon monoxide was selected for sampling because it is po-

tentially the most hazardous gaseous component. The cumulative

effect of exposure to CO over a work period can cause central

nervous system depression, blackouts, coma, and eventual death

at the concentrations that could be reached in an enclosed work

area. Due to the relatively hazardous nature of CO in the

workplace, both the workers and general work area were monitored

continuously for possible elevated levels.

Carbon dioxide, which is a simple asphyxiant, was monitored

by both breathing zone (personal) and area samples. Due to the

relatively high output of CO2 from diesel engines, emphasis was

placed on detecting the possible buildup of CO2 in poorly

ventilated areas of the magazine.

Oxides of nitrogen were monitored because of their rela-I
tively high volume of emissions from diesel engines and because

9
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of their ability to produce odors and cause irritation, pulmo-

nary edema, and trachycardia in humans.

Sulfur dioxide and sulfuric acid as sulfate (SO4  ) cause

severe irritation of the mucous membranes. Inhalation of sulfur

dioxide may produce bronchoconstriction, uncontrolled coughing,

and choking, particularly in individuals who already have asth-

matic conditions. Sulfuric acid inhalation is also known to

produce severe emphysema-type reactions.

Other Components

Other exhaust components tested included total hydrocarbons

(THC) and odorants. The THC were analyzed with a continuous air

monitor specifically for nonmethane hydrocarbons. Odor

measurements were collected for the eventual determination of
3

total intensity of the aroma.

SAMPLING AND ANALYTICAL METHODS

A brief review of the sampling and analytical methods used

during this investigation is presented here. A more detailed

description of the methods used for breathing zone monitoring

are presented in Appendix A.

Breathing Zone (Personal) Monitoring

Breathing zone monitoring was conducted on Army personnel

involved in the ammunition handling operation. The objective of

this monitoring effort was to determine time-weighted average

(TWA) exposures to diesel exhaust components and compare these

exposures with OSHA permissible exposure limits (PEL's). The

sampling and analytical methods used during the monitoring

10
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effort are National Institute for Occupational Safety and Health

(NIOSH)-approved techniques. 5 The monitoring apparatus consis-

ted of real-time electronic dosimeters for CO; constant hi-flow

+2
pumps for TSP, PAH, and SO4  ; and low-flow, constant-stroke

pumps for NO , so2 , THC, and odorants. Carbon dioxide was moni-

tored with passive dosimeters. The personal sampling methods

and analytical procedures used for each exhaust component are

summarized in Table 2.

The analysis of samples taken during the personal monitor-

ing effort was conducted at PEDCo Environmental's analytical

laboratory according to the prescribed reference analytical

methods. This laboratory is accredited by the American Indus-

trial Hygiene Association (AIHA) and participates in the NIOSH

Proficiency Analytical Testing (PAT) program.

Because of the variety of collectiLn methods required for

the personal monitoring, directly equipping Army personnel with

the necessary apparatus would have seriously interfered with

normal working activities and may have affected the safe oper-

ation of the forklift vehicles. To avoid these problems, we

mounted the sampling apparatus on the forklift trucks so that

the point of collection for each apparatus was located in the

breathing zone of the forklift operators (drivers). Sampling

apparatus used to measure exposures for the other personnel

(helpers) were located at stationary points, close to where

these persons are likely to stand while observing and assisting

the driver with load-transfer activities. It is worthwhile to

note that the sampling apparatus used to measure a "helpers"

exposures remained inside the magazine at all times during

11
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the emission testing while the apparatus used to measure the

"drivers" exposure was attached to the forklift trucks and moved

in and out of the magazine with each loading/unloading effort.

Continuous Monitoring

A temperature-controlled mobile laboratory was positioned

between the two ammunition magazines to be monitored and was

used to house the data-acquisition computer and continuous-

monitoring equipment. A continuous sampling system was used in

conjunction with a programmable solenoid switching mechanism to

collect air within the magazine. The air samples were collected

for a period of 5 minutes three times an hour at four locations

within the magazines (two sampling trains in each of two maga-

zines). Air samples from each location were carried through

heated Teflon sample lines to the programmable switching system

located within the mobile lab. The continuous monitors drew air

samples from a common manifold to analyze the air for concentra-

tions of CO, CO2, SO2, NOx, and THC. Data were collected by a

computerized data-acquisition system backed up by strip chart

recorders.

The continuous monitoring system was comprised of three

elements: a sequential sampling system, a bank of continuous

monitors, and a computerized data-acquisition system. A sche-

matic representation of the sequential sampling system is pre-

sented in Figure 2. Air samples from each of the four locations

(two in each magazine) were carried through the heated -inch

I.D. Teflon tubing at a rate of 10 liters/min. At the mobile

I
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laboratory each sample line was connected to a two-way solenoid

valve. The solenoid is open when in an unactivated condition

and is then purging the sampling lines. Each valve setting is

activated by the programmed data-acquisition system in a prede-

termined time sequence. Prior to activation, the valve to the

manifold is closed and the valve to the exhaust is opened, thus

allowing a constant flow of sample air through the sample lines.

Upon activation, the valve to the exhaust is closed and the

valve to the manifold is opened. Sample air is passed through

the manifold at a rate of 10 liters/min. This system permits

the air in the manifold to be changed at least once every 5

seconds. The analytical instruments then draw air from the

manifold. After a 5-minute sampling period, the computer

activates the valves on the next sampling line, while returning

the first sample line to a purge condition. This process is re-

peated for the remaining sample locations, four in all,

resulting in a sampling cycle time of 20 minutes. Thus, three

5-minute samples are obtained each hour for all gaseous

pollutants at each of the locations.

In addition to the monitoring of magazine air, the data on

the velocity through each magazine's ventilation duct were

collected and stored by the computer system. Wind speed, wind

direction, and temperature in and out of the magazines were

recorded on strip charts.

A description of each continuous monitoring instrument and

its limits of detection are presented in the following subsec-

tions.
/1
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Sulfur Dioxide--

A Beckman Model 953 fluorescent analyzer was used for the

continuous monitoring of SO2. The measurement principle of this

instrument is based on the fluorescence of SO2 molecules when

irradiated with ultraviolet light. Operating ranges of 0 to

1.0, 0 to 20.0, and 0 to 6.0 ppm So were obtained with a

minimum detection limit of 0.005, 0.010, and 0.030 ppm

respectively. This instrument is certified by the U.S.

Environmental Protection Agency (EPA) as a reference method for

the measurement of sulfur dioxide.

Carbon Dioxide--

An Infrared Industries, Inc., Model 703-352 gas analyzer

was used for the continuous monitoring of CO2. The measurement

principle of this instrument is based on absorption of infrared

radiation by CO2. Initially an operating range of 0 to 60,000

ppm or 0 to 6 percent CO2 was used during the testing (November

29 through December 2). Because only very low CO2 values were

observed, however, the instrument was recalibrated on December 5

to a range of 0 to 42,000 ppm or 0 to 4.2 percent CO2. The

instrument has a minimum detection limit of 50 ppm.

Total Hydrocarbons--

A Meloy Model HC 500-2C analyzer was used for the continu-

ous monitoring of THC. The measurement principle of this

instrument is based on the ionization of hydrocarbon molecules

in a hydrogen hyperventilated flame. An operating range of 0 to

1,000 ppm THC was used during the first two days of monitoring.
/
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When only very low THC levels were observed, the instrument was

recalibrated and run at a 0 to 50 ppm THC range (with a minimum

detection limit of 0.1 ppm). The hydrocarbon analyzer was

calibrated with propane gas concentrations and reported as parts

per million total carbon (I ppm propane is 3 ppm total carbon).

Carbon Monoxide--

A Bendix Model 8501-5CA analyzer was used for the continu-

ous monitoring of CO. The measurement principle of this instru-

ment is based on the absorption of infrared radiation by CO in a

nondispersive photometer. An operating range of 0 to 50 ppm CO

was achieved with a minimum detection limit of 0.5 ppm. This

instrument is certified by the U.S. EPA as a reference method

for the measurement of carbon monoxide.

Oxides of Nitrogen--

A Bendix 8101-B chemiluminescent analyzer was used for the

continuous monitoring of NO and NO2. The measurement principle

of this instrument is based on the chemiluminescent reaction

between NO and ozone (03) according to the reaction:

NO + 03 2 NO2 + 02 + HV

Light emissions result when the electronically excited NO2 mole-

cules revert to their ground state. A catalytic converter is

used to convert NO 2 present in the air sample to NO before it

enters the reaction chamber. The amount of NO2 is then deter-

mined by subtracting the NO measurement from the NOx measure-

ment. The analyzer provides automatic cycling through the NO

/
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and NOx measurements, and the output difference (NO2) is updated

after each cycle. The initial operating ranges used during the

testing were 0 to 0.5, 1, and 2 ppm; with a minimum detection

limit of 0.005 ppm. Because oxides of nitrogen concentrations

above 2.0 ppm were observed, the instrument was adjusted to read

concentrations up to 8.5 ppm during the second day of loading/

unloading operations. During warehousing operations the

instrument range was increased to 17.5 ppm full scale (December

13, 14, and 15). This instrument is certified by the EPA as a

reference method for the measurement of oxides of nitrogen.

DATA COLLECTION

Continuous and breathing zone data were collected for both

loading/unloading and warehousing operations in two ammunition

storage magazines. The tests were conducted over a 16-day

period starting on November 29, 1983, and ending on December 15,

1983. The continuous and breathing zone data were taken to

characterize 9 days of loading/unloading operations and 3 days

of warehousing operations.

The typical loading/unloading operation was accomplished by

unloading a full magazine containing 404 pallets of 90mm ammuni-

tion with one forklift, transferring the load to a second

forklift, and then loading an adjacent empty magazine. The mean

time for accomplishing a loading/unloading operation was 8 hours

and 5 minutes; the best time was 7 hours and 20 minutes, and the

worst-case time was 9 hours and 35 minutes. The worst-case time

occurred on the first day of testing and probably reflects some

18



confusion and unfamiliarity on the part of the forklift

operators while adjusting to the demands of the investigation.

The best time reflects the action of an experienced team of

forklift operators.

The typical warehousing operation was accomplished by

transferring supplies with a single forklift vehicle within a

single magazine. The duration of a warehousing operation will

vary greatly, depending on the purpose of the operation and the

extent of reorganization that is needed. The warehousing tests

performed during this investigation averaged 3 hours and 55 min-

utes in duration; the minimum time was 3 hours and 20 minutes,

and the maximum time was 4 hours and 15 minutes.

1
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III. RESULTS

Two diesel-powered forklift trucks were the primary focus of

the testing effort: a Still forklift powered by a Deutz (F3L912W)

engine and a Hyster forklift powered by a Perkins (4.2032) engine.

However, two other forklift trucks were also tested: a Baker

forklift powered by a Deutz (F3L912W) diesel engine and a Hyster

forklift powered by a Perkins (4.154) diesel engine. Funding

constraints prevented the reduction and analysis of data from the

secondary vehicles. The raw data from both the primary and

secondary vehicles are presented in Appendix B at the end of the

report.

During the loading/unloading operations and the first four

warehousing tests (Tests I through 4), the vehicles fired a

Phillips D-2 Diesel Fuel (Control Lot C-929) containing 0.4

percent sulfur. During the last warehousing test (Test 5), a

high-sulfur fuel (MIL-F-46162B) containing 1.02 percent sulfur

was substituted in each of the vehicles.

During this testing effort, only one loading or unloading

operation could be conducted each day. This limitation made it

impossible to run simultaneous loading and unloading activities

with the two makes of forklifts. This constraint prevented the

investigators from obtaining indoor air quality data under iden-

tical conditions of weather and magazine ventilation. To reduce

the influence of changes in weather and ventilation, we have
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selected only those test days with similar weather conditions

(i.e., ambient wind speed) for discussion in this report. As a

result of this screening process, only five days of test data

were available for in-depth analysis. Two of the test days pre-

sent the impact on indoor air quality during the operation of the

Still/Deutz vehicle, whereas the other three days present the

impact during operation of the Hyster/Perkins vehicle. Although

the five days of data represent information collected under simi-

lar conditions, the conditions were not identical. Based on an

analysis of variance, the variances in the daily air velocity

measurements taken at magazine ventilation ducts were found to be

significantly different (P<0.05). The importance of this

difference is obscured by the fact that air flow through the

magazines ventilation duct may be secondary to the effect of air

exchanges at the magazine entrance.

The data obtained during the unloading activities are consi-

dered to be only suggestive of the relative performance of the

two diesel-powered forklift trucks. The test results do pcovide

information on the absolute performance of each vehicle under the

given test conditions.

To determine the relative performance of these vehicles, we

monitored magazine air quality during warehousing operations.

The nature of the warehousing operations permitted the testing of

both vehicles on the same day, in adjacent magazines, under iden-

tical weather and ventilation conditions. These test conditions

allowed a direct comparison to be made of vehicle emissions and

permitted the statistical treatment of the continuous monitoring

data.

21

*L .-- - -_



BREATHING ZONE SAMPLES

Breathing zone air samples representative of vehicle driver

and helper exposures were taken during each of the loading/un-

loading operations. Only air samples representative of the driv-

ers' exposures were taken during warehousing operations. From

the results of these air samples, time-weighted averages were

determined for comparison with OSHA permissible exposure limits.

Table 3 summarizes the exposure of drivers and helpers to

diesel exhaust during five unloading activities. Only three of

the exhaust components monitored are reported: particulates,

sulfates, and nitrogen dioxide. Polycyclic aromatic hydrocarbons

(PAH), CO, and SO2 were not captured in sufficient amounts for

detection by the sampling and analytical methods used. Carbon

dioxide was not detected because of the failure of the direct-

reading passive dosimeter to respond at the sub-zero temperatures

experienced during the tests.

Table 4 summarizes the exposure of drivers to diesel exhaust

during warehousing operations while operating forklifts using

low-sulfur (0.4 percent) fuel. Again, only data on particulates,

sulfates, and nitrogen dioxide were reported. The other exhaust

components measured during the breathing zone monitoring were at

levels below the detection limits of the sampling and analytical

methods used.

Table 5 presents the TWA's for a single driver exposed to

diesel exhaust during an entire warehousing operation while

operating forklifts using high-sulfur (1.02 percent) fuel. Only ]
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TABLE 3. BREATHING ZONE EXPOSURES DURING UNLOADING OPERATIONS

Time-weighted average, 
a

Test
date (1983) Vehicle Driver Helper

(mg/m )

Particulates 12/1 Still/Deutz 0.05 <0.01
12/5 Still/Deutz 0.12 <0.01

12/6 Hyster/Perkins <0.01 0.10
12/7 Hyster/Perkins <0.01 0.15
12/8 Hyster/Perkins <0.01 <0.01

(Ng/m3 )
Total sulfates 12/1 Still/Deutz 46 <10

12/5 Still/Deutz <10 22

12/6 Hyster/Perkins <10 <10
12/7 Hyster/Perkins <10 18
12/8 Hyster/Perkins <10 18

(ppm)

Nitrogen dioxide 12/1 Still/Deutz <0.1 0.6
12/5 Still/Deutz <0.1 0.1

12/6 Hyster/Perkins <0.1 0.2
12/7 Hyster/Perkins <0.1 <0.1
12/8 Hyster/Perkins <0.1 <0.1

a Time-weighted averages with "less than" signs indicate that the breathing

zone samples collected were below the minimal detection of the method.
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TABLE 4. BREATHING ZONE EXPOSURES DURING WAREHOUSING OPERATIONS
USING LOW-SULFUR FUEL

Ia
Time-weighted average,a

Test
Test date (1983) Vehicle Driver

(mg/m
3

Particulates 1 12/13 Still/Deutz <0.01
Hyster/Perkins 0.82

2 12/13 Still/Deutz 0.71
Hyster/Perkins 0.69

3 12/14 Still/Deutz 0.66
Hyster/Perkins 1.52

4 12/14 Still/Deutz 0.98
Hyster/Perkins 1.03

3(hg/rn

Total sulfates 1 12/13 Still/Deutz <10
Hyster/Perkins <10

2 12/13 Still/Deutz <10
Hyster/Perkins 30

3 12/14 Still/Deutz <10
Hyster/Perkins 32

4 12/14 Still/Deutz <10
Hyster/Perkins <10

(ppm)

Nitrogen dioxide 1 12/13 Still/Deutz 0.9
Hyster/Perkins 0.2

2 12/13 Still/Deutz <0.1
Hyster/Perkins 0.6

3 12/14 Still/Deutz 0 .9b
Hyster/Perkins 3.2

4 12/14 Still/Deutz 1.8
_Hyster/Perkins 0.3

a Time-weighted averages with "less than" signs indicate that the breathing
zone samples collected were below the minimal detection limit of the method.

b Concentration is above the ACGIH threshold limit value (TLV) of 3 ppm

for nitrogen dioxide.
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TABLE 5. BREATHING ZONE EXPOSURES DURING WAREHOUSING OPERATIONS
USING HIGH-SULFUR FUEL

Time-weighted averagea
Test

date (1983) Vehicle Driver

3
(mg/m)

Particulates 12/15 Still/Deutz 0.95
Hyster/Perkins 1.33

(Vg/m 3 )

Total sulfates 12/15 Still/Deutz <10
Hyster/Perkins 24

(ppm)

Nitrogen dioxide 12/15 Still/Deutz 0.49

Hyster/Perkins 
0.37

a Time-weighted averages with "less than" signs indicate that the breathing

zone samples collected were below the minimal detection limit of the
method.

'I
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levels of particulate, sulfates, and nitrogen dioxide were found

above the detection limits of the methods used. These values may

represent a worst-case scenario since it is likely that during

real warehousing operations more than one driver would be

involved in the operation of a single forklift truck during any

given operation. During the test the Army utilized two drivers

for each vehicle, resulting in each driver being exposed to

diesel emission for a duration equal to approximately half the

test period.

CONTINUOUS AIR MONITORING

Continuous air monitoring was conducted during both the

loading/unloading and warehousing operations. The results were

compiled for both operations for each of the two vehicles tested.

The data are presented in both graphic and tabular format. The

graphic presentation consists of time-concentration profiles for

each of the measured exhaust components during selected tests.

The tabular format presents a summary of the mean and peak con-

centrations measured during the five unloading and five warehous-

ing tests. Unloading operations are of greater interest than

loading operations for two reasons 1) test data indicate that the

unloading phase is likely to produce greater peak concentrations

and 2) continuous unloading operations are more reflective of a

real event likely to be required of vehicles and personnel during

wartime. Warehousing operations are of interest because they

*appear to represent a worst-case scenario for using diesel-

powered forklift trucks. The tables also present the results of
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a statistical test for significant differences between the groups

of air quality data measured during the operation of the two

forklift vehicles.

Figures 3 through 7 present example time-concentration pro-

files of unloading activities for the Still/Deutz and Hyster/Per-

kins vehicles. These figures summarize indoor air quality mea-

sured on the December 1 and December 8, test dates. In each

figure, the duration of the loading activity (in military time)

is presented along the abscissa of the profile, and the change in

concentration (in ppm) of the exhaust component is presented

along the ordinate.

The paired profiles presented in each figure summarize in-

door air quality measured at each of the two locations within the

magazine. One location (designated "forward") is situated ap-

proximately one-third the way into the magazine. The second

location (designated "rear") is situated approximately two-thirds

the way into the magazine. Both openings to the sample lines are

located at approximately the centerline of the magazine, 2 feet

below the magazine ceiling. Each time-concentration profile

begins at the time of the test startup, just as the vehicles

enter the ammunition magazines; the profiles end when unloading

activity is completed.

Figures 8 through 12 present time-concentration profiles for

a representative warehousing test. The profiles of both vehicles

are presented for each exhaust component monitored during Ware-

housing Test 2, which was conducted on December 13. Only one
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Figure 3. Time-concentration profiles of oxides of nitrogen during
magazine unloading activities.
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Figure 4. Time-concentration profiles of carbon monoxide during
magazine unloading activities.
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Figure 5. Time-concentration profiles of sulfur dioxide during

magazine unloading activities.
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ORWARD SAMPLING LOCATION TEST THREE
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a Figure 6. Time concentration profiles of hydrocarbons during
magazine unloading activities.
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Figure 7. Time concentration profiles of carbon dioxide during
magazine unloading activities.
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Figure 8. Time-concentration profiles of oxides of nitrogen
during magazine warehousing activities.
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Figure 9. Time-concentration profiles of carbon monoxide during

magazine warehousing activities. m
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Figure 10. Time-concentration profiles of sulfur dioxide during
magazine warehousing activities.
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Figure 11. Time-concentration profiles of hydrocarbons during
magazine warehousing activities.
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Figure 12. Time-concentration profiles of carbon dioxide during
magazine warehousing activities.
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profile (data from the "forward" location) is presented in each

figure because the monitoring was limited to one sampling loca-

tion during the warehousing tests. Because the warehousing ac-

tivities had the greatest impact on air quality, the mean

concentration (estimated TWA) is presented for each profile. The

background concentration measured for each pollutant on the day

before testing is also indicated on the time-concentration

profile.

Tables 6 through 8 present summaries of the continuous moni-

toring data collected during the five tests of unloading activi-

ties and the five tests of warehousing operations. Results are

presented for each exhaust component by test date and vehicle.

The number of samples taken, the mean concentration during the

test (estimated TWA), and the peak concentration observed during

the test are reported. Also reported is the time to peak as

calculated from the beginning of the test, i.e., 7:05 indicates

that the peak occurred 7 hours and 5 minutes after the beginning

of the test. Table 6 presents a summary of indoor air quality

measured during the unloading activities. Table 7 presents a

summary of the indoor air quality during warehousing operations

conducted with forklifts using the lower-sulfur fuel. Table 8

presents the same activity with forklifts using high-sulfur fuel.

Although two warehousing operations were performed during the

test of high-sulfur fuels, only data from the second test are

presented. The results of the first test are considered invalid

because the vehicles were not supplied with fuel having an
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TABLE 6. SUMMARY OF INDOOR AIR QUALITY DURING UNLOADING ACTIVITIES

Concentra-
tion (ppm) Time

Test to peak
date (1983) Vehicle n Mean Peak (hour:min.)

Oxides of nitrogen 12/1 Still 49 1.132 2.155 7:05
12/5 Still 43 1.726 2.910 4:00

12/6 Hyster 46 2.506 6.070 5:40
12/7 Hyster 49 2.646 8.861 5:00
12/8 Hyster 49 2.018 5.379 7:40

Carbon monoxide 12/1 Still 49 1.2 1.6 0:80
12/5 Still 43 1.6 2.2 3:00

12/6 Hyster 46 1.9 3.3 3:20
12/7 Hyster 49 3.3 21.4 4:40
12/8 Hyster 49 2.2 4.0 7:40

Sulfur dioxide 12/1 Still 49 0.195 0.447 6:25
12/5 Still 43 0.264 0.474 5:15

12/6 Hyster 46 0.191 0.507 3:20
12/7 Hyster 49 0.349 1.974 5:00
12/8 Hyster 49 0.247 0.640 7:40

Hydrocarbons 12/1 Still 49 7.4 10.4 0:20
12/5 Still 43 7.8 14.5 0:80

12/6 Hyster 46 7.5 8.5 7:00
12/7 Hyster 42 8.5 15.4 4:40
12/8 Hyster 49 7.9 9.0 5:40

Carbon dioxide 12/1 Still 49 1474 1822 6:25
12/5 Still 37 733 866 3:40

12/6 Hyster 46 905 1097 3:40
12/7 Hyster 49 801 1349 5:00
12/8 Hyster 49 1010 1332 7:20

ai
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TABLE 7. SUMMARY OF INDOOR AIR QUALITY DURING WAREHOUSING OPERATIONS
WITH FORKLIFTS USING LOW-SULFUR FUEL

Concentra-

tion (ppm) Time
Test to peak

date (1983) Test Vehicle n Mean Peak (hour:mvn.)

Oxides of 12/13 1 Still 13 3.583 5.086 0:30a

nitrogen Hyster 15 5.096 8.567 1:UU

2 Still 26 3.925 5.661 1:45
a

Hyster 26 6.327 10.066 4:15

12/14 3 Still 26 4.792 6.759 4:00
a

Hyster 26 8.025 11.122 1:30

4 Still 24 5.624 7.843 1:30
a

Hyster 24 7.167 11.015 0:40

Carbon 12/13 1 Still 14 2.0 2.7 0:50
a

monoxide Hyster .15 3.8 5.3 0:60

2 Still 25 2.4 4.5 3:45
a

Hyster 24 4.8 6.2 1:55

12/14 3 Still 26 2.6 3.1 0:50
a

Hyster 26 5.4 7.1 3:15

4 Still 24 3.6 4.4 1:30
a

Hyster 24 5.2 6.8 0:40

Sulfur 12/13 1 Still 14 0.498 0.668 0:40
dioxide lyster 15 0.539 0.788 2:00

2 Still 25 0.712 0.998 0:30
Hyster 25 0.692 0.886 3:35

12/14 3 Still 25 0.691 0.918 4:00
Hyster 26 0.753 1.008 3:10

4 Still 24 0.936 1.425 1:30
Hyster 24 0.694 1.016 0:10

a

Hydrocarbons 12/13 1 Still 14 8.6 9.5 0:50 a

Hyster 15 9.6 10.6 0:60

2 Still 25 8.6 9.9 3:558
Hyster 24 9.9 11.0 4:05

12/14 3 Still 26 8.5 9.2 2 :10 a

Hyster 27 10.2 11.2 2:00

4 Still 24 8.9 9.8 2:00d
Hyster 24 10.2 10.8 1:40

Carbon 12/13 1 Still 14 870 1067 0:10
dioxide Hyster 15 830 977 1:00

2 Still 26 989 1111 4:15
Hyster 25 991 1189 4:05

12/14 3 Still 26 1288 1539 0:50
Hyster 26 1300 1507 1:30

4 Still 24 1526 1761 3 :30
Hyster 124 1352 1523 0:10

a Air quality impact of this vehicle was found to be significantly lower then
the other test vehicle (p (0.05).
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TABLE 8. SUMMARY OF INDOOR AIR QUALITY DURING WAREHOUSING OPERATIONS
WITH FORKLIFTS USING HIGH-SULFUR FUEL

Concentra-
tion (ppm) Time

Test to peak
date (1983) Vehicle n Mean Peak (hour:min.,

Oxides of nitrogen 12/15 Still 18 2.618 3.497 0:10 a

Hyster 18 8.586 12.984 2:50

Carbon monoxide 12/15 Still 18 1.3 2.2 0:10 a

Hyster 18 4.5 5.8 1:40

Sulfur dioxide 12/15 Still 18 1.246 1.643 1:10a

Hyster 18 1.829 2.863 2:50

Hydrocarbons 12/15 Still 18 8.7 9.3 1:50a

Hyster 18 10.7 11.9 1:40

Carbon dioxide 12/15 Still 18 1017 1215 0:10
Hyster 18 1222 1501 1:40

a Air quality impact of this vehicle was found to be significantly lower

than the other test vehicle (p <0.05).
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idential sulfur content. Successful fueling of the vehicles

prior to the second test was accomplished, and the data from this

test are believed to reflect more equitable assessment of the

diesel emission levels from the two test vehicles.

Tables 7 and 8 also present the results of a statistical

analysis to test the significance of the difference between

exhaust concentrations generated from the two test forklifts.

The specific statistical tests used during this analysis are

outlined in Appendix C.

LIMITATIONS OF THE DATA

A factor that may have confounded the indoor air quality

data is the severe weather conditions experienced during the test

period. Windspeeds outside the storage magazines were recorded

at velocities ranging between 0 and 20 mph with gusts up to 30

mph. Ambient temperatures ranged between 120 and 400F.

The weather conditions presented two problems in the inter-

pretation and use of the test data. Windspeed directly affects

the ventilation rate of the storage magazine by altering the

volumetric flow of air through the magazine's passive system. I
The magnitude of the windspeed is believed to have influenced all

test data to some degree because daily changes in the speeds

frequently ranged between 5 and 15 mph. Increases in windspeed 1
would significantly increase the ventilation of the magazines and

retard the accumulation of diesel exhaust. The effect of elevat- 1
a ed windspeed on the magazine ventilation certainly affected the 1
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estimation of both mean indoor air quality and the TWA's and

probably resulted in an underestimation of both the continuous

monitoring and worker exposures.

The changes in windspeed were most detrimental to the utili-

ty of test data on the loading/unloading operations because the

two forklift vehicles could not be tested while performing the

same tasks on the same days. Because the nature of the warehousing

operations allowed tests of both forklifts on the same day, the

change in windspeed does not present a serious problem in the

interpretation of the indoor air quality data taken during these

operations.

The second problem associated with the weather related to

the low temperatures experienced inside and outside of the maga-

zines. Although it is not known what exact effect such extreme

temperatures might have had on the vehicles, it is reasonable to

assume that these conditions could have affected the performance

of the test vehicles and therefore affected the indoor air

quality of the magazines.

4
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IV. CONCLUSIONS

The test results led to the following conclusions regarding

the impact of diesel exhaust on magazine air quality:

1) The impact of diesel exhaust on breathing zone expo-
sures and magazine air quality depends largely on the
type of operation being performed. Of the two operat-
ing scenarios investigated (i.e., loading/unloading and
warehousing), warehousing presents the greater poten-
tial risk to the health and safety of Army personnel.

2) Breathing zone exposures and magazine air quality data
were compared with the OSHA permissible exposure levels
and ACGIH threshold limit values. Under the operating
conditions, ventilation, and temperature during the
test, nitrogen dioxide is the only exhaust component of
those measured that presents a potentially serious
health risk to Army personnel.

3) The Still forklift powered by a Deutz (F3L912W) engine
is clearly the cleaner of the two vehicles tested. Un-
der the operating conditions, ventilation, and tempera-
ture during the tests, the Still/Deutz vehicle did not
exceed any of the OSHA permissible exposure limits for
the exhaust components measured.

CHARACTERIZATION OF DIESEL FORKLIFT IMPACT ON MAGAZINE AIR QUALITY

During the testing effort, the loading/unloading operation

was broken down into separate activities. Indoor air quality was

monitored during both loading and unloading activities with the

Still/Deutz vehicle. The results indicated that although the

time-concentration profiles of the two types of activity are

separate and distinct, the average exhaust emission concentrations

during these activities is not noticeably different. The data

did indicate that the unloading phase of the operation was likely
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to produce greater peak accumulations of exhaust emissions. The

unloading phase presents the greatest concern because an all-out

unloading effort is what is likely to occur when supporting a

combat operation. A concentrated loading effort similar to the

operation experienced during the tests is unlikely to occur.

Figure 13 presents hypothetical time-concentration profiles

for each phase of the loading/unloading and warehousing opera-

tions. Although the profiles are highly idealized portrayals of

the actual test data, they clearly illustrate the time-concentra-

tion characteristics of forklift operations. In the interest of

focusing resources on those aspects of the testing most likely to

yield useful results, an indepth analysis was performed only on

data from the unloading phase.

A plot of the test data taken during the unloading phase of

a loading/unloading operation is usually skewed to the right of

the time-concentration profile because the forklift spends little

time in the magazine during the movement of the first few ammuni-

tion pallets. As th unloading phase progresses, the forklift

spends proportionately more of its operational time inside the

magazine until, near the end of the phase, the truck has to

travel the entire length of the magazine to get to the remaining

pallets.

Conversely, the plot of test data taken during the loading

phase is usually skewed to the left of the time-concentration

, profile because the forklift begins the loading phase by travers-

ing the entire magazine with the first few pallets. As the
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loading phase progresses, the forklift spends less and less of

its operating time inside the magazine.

Another important characteristic of these profiles is the

similarity of the areas under the loading and unloading time-

concentration curves; i.e., the mean air quality of each phase is

approximately the same. The peak concentrations, although some-

what similar in magnitude, appear at different times. Peak

concentrations during the unloading phase occur late in the

operation, whereas peak concentrations in the loading phase are

reached early in the operation.

Warehousing operations, which require the test vehicles to

remain inside the magazine during the entire operation, have

their own unique time-concentration profiles. Because the vehi-

cles remain inside the magazine during the entire operation, the

concentrations of exhaust emissions rise quickly and are sus-

tained at higher levels than during the loading/unloading opera-

tions. Both the mean and peak concentrations that occur during

warehousing operations are higher than those during loading/un-

loading operations of similar duration.

COMPARISON OF PERSONNEL EXPOSURES AND MAGAZINE AIR QUALITY WITH

OSHA PERMISSIBLE EXPOSURE LIMITS

Two sources of information are available for use in judging

the health risks associated with exposure to the diesel forklift

exhausts: OSHA's permissible exposure limits (PEL's) and the

ACGIH's threshold limit values (TLV's). Emphasis is placed on a

comparison of the test results with the OSHA PEL's because these

limits represent Federal health standards for the workplace. The
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ACGIH TLV's are also of interest; although these limits are not

binding regulations, they do represent what can be considered

"good-practice" guidelines. The TLV's are exposure limits based

upon the public health community's current knowledge of the

effect of toxic substances on the workforce. The OSHA PEL's are

different from the ACGIH TLV's in that, with a few exceptions,

they represent the TLV's as interpreted in 1968. These 1968

TLV's were adopted by OSHA during the establishment of the Occu-

pational Safety and Health Act of 1970. Table 9 summarizes the

applicable exposure limits.

Based on the results of breathing zone monitoring conducted

during the unloading activities and warehousing operations, the

following conclusions can be drawn as to the health risks posed

by each of the exhaust components monitored.

Particulates

The particulate exposures experienced by forklift drivers

and helpers do not present a problem when interpreted as a nui-

sance dust. Under the worst conditions, the particulate expo-

sures calculated as TWA's in Tables 3, 4, and 5 only begin to

approach 10 percent of the OSHA standard and 15 percent of the

TLV.

Exposures to the PAH's were below the detection limits of

the sampling and analytical methods. Because the lack of data on

exposure to PAH's is the result of a detection problem, we were

unable to assess the health risk posed by these substances.

/
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TABLE 9. EXPOSURE LIMITS FOR DIESEL EXHAUST COMPONENTS

ACGIH

OSHA PEL a TWA STEL
Exhaust component 8-h 8-h 15-min

Particulate components

Insoluble fraction
Total nuisance dust 15 mg/r 3  10 mg/m 3

Soluble fraction
Polycyclic aromatic hydro- 0.2 mg/M 3  0.2 mg/m3

carbon (coal tar pitch
volatiles)

Gaseous components

Carbon monoxide 50 ppm 50 ppm 400 ppm
Carbon dioxide 5000 ppm 5000 ppm 15,000 ppm
Nitrogen dioxide 5 ppm 3 ppm 5 ppm
Sulfur dioxide 5 ppm 2 ppm 5 ppm
Sulfuric acid 1 mg/m3  I mg/M 3  -

Other components

Total hydrocarbons
Odorants

a General Industry Safety and Health Standards - Toxic and Hazardous

Substances. Code of Federal Regulations, Title 29, Chapter XVII,
Part 1910, Subpart 2. 47 FR 51117. November 19B2.

b TLV's - Threshold Limit Values for Chemical Substances and Physical

Agents in the Work Environment with Intended Changes for 1983-84.
ACGIH. Cincinnati, Ohio.

I4
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Total Sulfates

The concentration of total sulfates was measured to obtain

an estimate of the possible exposure of Army personnel to sulfu-

ric acid. As in the case of TSP, exposure to sulfuric acid

aerosols during the operation of diesel-powered forklifts should

not present a health problem. Even if all the sulfates collected

were assumed to represent airborne aerosols of sulfuric acid, the

TWA exposures to this substance would be less than 5 percent of

the OSHA standard and the TLV.

Nitrogen Dioxide

Nitrogen dioxide appears to represent the only serious

health risk to Army personnel involved in the types of ammunition

handling operations tested. Detectable exposures to nitrogen

dioxide ranged between 2 and 64 percent of the OSHA standard

during unloading and warehousing activities. The largest TWA

exposure occurred during a warehousing operation. Although this

exposure level was only 64 percent of the OSHA standard, it

exceeded the ACGIH threshold limit value for nitrogen dioxide.

Continuous monitoring for oxides of nitrogen indicates that

the mean indoor air quality during unloading activities could

reach levels equal to 53 percent of the OSHA standard for NO2,

with peak concentrations exceeding the ACGIH's short-term expo-

sure limit (STEL). The oxides of nitrogen problem is more severe

during warehousing operations; the mean concentration of these

oxides was well in excess of the OSHA standard when interpretede
as nitrogen dioxide (see Table 7). Although these test results

indicate the potential for a serious health risk, the results of
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the continuous monitoring for oxides of nitrogen cannot be compared

directly with the OSHA PEL's or ACGIH TLV's for nitrogen dioxide

because the continuous monitor reports data as total oxides of

nitrogen (which include both NO and NO2). Although the NO2

contribution to the total oxides of nitrogen (NOx) readings

averaged about 10 to 20 percent, a review of the testing data

(Appendix B) indicates that the contribution of NO2 ranged from

values as low as 1 percent to values as high as 50 percent of the

NOx reading.

Carbon Monoxide

Carbon monoxide does not appear to present a serious health

risk during these operations. Although initially of great con-

cern, breathing zone measurements of carbon monoxide never ex-

ceeded any of the established standards or workplace limits. The

breathing zone measurements taken were below the detection limit

of the instrument. Continuous monitoring for CO during warehous-

ing operations detected a few peak concentrations reaching values

as high as 5 percent of the STEL.

Sulfur Dioxide

Sulfur dioxide levels were monitored by both breathing zone

and continuous measurements. No breathing zone exposures were

recorded because no levels were found above the detection limits

of the sampling and analytical method.

The continuous monitoring data indicated that although the

mean exposures to SO2 were well below the OSHA standard and TLV,

. peak concentrations approach 30 percent of the STEL during ware-

housing operations when the forklifts burned low-sulfur fuel (see

/1. ~Table 7). Peaks approaching 60 percent of the STEL were detected
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during similar operations when high-sulfur fuel was burned (see

Table 8).

Carbon Dioxide

Carbon dioxide concentrations do not present a health risk

to Army personnel during either unloading activities or warehous-

ing operations. No carbon dioxide was found in amounts above the

detection limit of the passive dosimeters used to determine

breathing zone exposures.

The continuous monitoring instruments did detect CO2, but

the levels were less than 30 percent of the OSHA standard and

TLV.

Odorants

Samples of diesel exhaust were collected on Chromosorb 102

adsorbent for analysis using the Diesel Odor Analysis System

(DOAS). However, due to delays in obtaining analytical standard

reference solutions from the supplier, the analyses of the

Chromosorb could not be performed within the time frame of the

project. The chromosorb adsorbent has been archived in the

PEDCo Environmental laboratory for future analysis.

It is unlikely that a future analysis of the Chromosorb will

produce significant results since onsite subjective assessment of

the odors levels by the testing team indicated that odors from

unloading/loading and warehousing operations were slight or

nondetectable.
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COMPARISON OF FORKLIFT EMISSION LEVELS

Comparison of emission levels from the two diesel-powered

forklifts indicates that the Still forklift equipped with a Deutz

(F3L912W) engine is the cleaner vehicle. Data collected during

the warehousing activities and subjected to a statistical

analysis (Appendix C) demonstrated that the impact on magazine

air quality was significantly less when used with the Still/Deutz

vehicle (see Tables 7 and 8).

The objective of the statistical analysis was to judge the

relative "cleanliness" of the test forklifts by determining

whether the difference in exhaust concentrations was significantly

lower for one than for the other. Two sets of warehousing tests

were analyzed; a set of four test runs in which both vehicles

burned low-sulfur fuel and a single test run in which both vehicles

burned high-sulfur fuel. The warehousing tests with low-sulfur

fuel indicated the following:

1) The Still/Deutz vehicle was significantly cleaner than
the Hyster/Perkins vehicle for oxides of nitrogen and
carbon monoxide.

2) The Still/Deutz tested cleaner than the Hyster/Perkins
in three of the four warehousing tests for total hydro-
carbons. The remaining test for total hydrocarbons was
inconclusive and showed no difference between the two
vehicles.

3) The data on sulfur dioxide and carbon dioxide showed no
significant difference between the two vehicles in
three of the four tests. The last warehousing test
indicated a significantly smaller contribution from the
Hyster/Perkins vehicle.
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The test results on warehousing operations with high-sulfur

fuel were more conclusive:

1) The Still/Deutz operated significantly cleaner than the
Hyster/Perkins vehicle with regard to emissions of
oxides of nitrogen, carbon monoxide, sulfur dioxide,
and hydrocarbons.

2) Only the test data on carbon monoxide indicated no
sig-xficant difference between vehicle emissions.
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V. RECOMIENDATIONS

The current test results provide a data base from which to

characterize the operation of diesel-powered forklifts during

ammunition handling and storage activities in Stradley-type

magazines. Also, the results have successfully characterized the

relative performance of the two test vehicles and clearly identi-

fied the Still/Deutz (F32912W) diesel-powered forklift as the

"cleaner-burning" vehicle. The absolute safety of the Still/Deutz

vehicle, however, could not be firmly established from the test

data.

Although no OSHA exposure limits were exceeded during the

testing of the Still/Deutz vehicle, two facts associated with the

test results prevent any final assessment: 1) levels of nitrogen

dioxide and oxides of nitrogen, although not at concentrations in

excess of the OSHA standard, were high enough to warrant concern;

and 2) weather conditions were extreme enough to question the

validity of using the test results to characterize more "normal"

operating conditions. Specifically, test conditions during this

investigation may have produced low estimates of indoor air

quality. High windspeeds and low temperatures during the testing

may have affected both magazine ventilation and engine perfor-

mance in such a manner as to result in under estimation of the

potential health risk involved.
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To eliminate these areas of uncertainty associated with the

operation of the Still/Deutz vehicle, PEDCo Environmental recom-

mends that the Army consider an additional series of tests.

These additional tests should be conducted with the objective of

assessing the Still/Deutz forklift under the opposite weather

conditions, i.e., low windspeed and high temperatures. At a

minimum, breathing zone and continuous air monitoring data should

be collected for nitrogen dioxide during the additional testing.

In as much as the exact effects of windspeed and temperature on

the other exhaust components cannot be determined with certainty,

prudence would dictate that the more potent exhaust components

(carbon monoxide, sulfur dioxide, and sulfuric acid) also be

reassessed. Reassessment of particulates and polycyclic aromatic

hydrocarbons, although not detected in any appreciable amounts

during the initial test effort, should also be considered.

Carbon dioxide and total hydrocarbons can be dropped from

future testing efforts. The current test results indicate that

severe exposures to these substances are extremely unlikely.

A clear description of magazine ventilation could not be

achieved during this investigation. Because ambient weather

conditions (e.g., windspeed) can profoundly alter the ventilation

of ammunition magazines, it would be useful to perform a detailed

trace gas study of a Stradley-type magazine. Information

obtained from such an investigation would be valuable in that it

would allow the Army to extrapolate test results of indoor air

*quality in Stradley magazines to other magazine designs and other

structures.
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Carbon Dioxide

Analyte: Carbon Dioxide Method No.: S249

matrix: Air Range: 2270-1O00 ppm

OSHA Standard: 5000 ppm (9000 mg/cu m) Precision (CV ): 0.014

Procedure: Collection ir gas Validation Date: 10/29/76
sampling bag, GC with
thermal conductivity
detector

2. Prinziple of the Method

2.2 A known volume of air is collected in a five-layer gas sampling
bag by means of a low flow rate personal sampling pump capable of
filling a bag.

1.2 The carbon dioxide content of the samples is determined by gas

chromatography using a thermal conductivity detector.

2. Range and Sensitivity

2.1 This method was validated over the range of 2279-9990 ppm at an
atmospheric temperature of 20.5C and atmospheric pressure of
757 nw Hg using a 3.5 liter sample volume. The working range of
the method is estimated to be 500-15000 ppm, under the experi-
mental conditions cited.

2.2 The upper limit of the range of the method and the absolute

sensitivity have not been established.

3. Interferences

3.1 Uher two or more compounds are known or suspected to be
present in the air, such information, including their suspected
identities, should be transmitted with the sample.

3.2 It must be emphasized that any compound which has the same
retention time as the analyte at the operating conditions
described in this method is an interference. Retention time
data on a single column cannot be considered as proof of
chemical identity.

3.3 If the possibility of interference exists, separation conditions

(column packing, temperature, etc.) must be changed to circum-
vent the problem.

A-3
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4. Precision and Accuracy

4.1 The Coefficient of Variation (CVT) for the total analytical and
sampling method in the range of 2270-9990 ppm was 0.014. This
value corresponds to a 69-ppm standard deviation at the OSHA
standard level. Statistical Information and details of the
validation and experimental test procedures can be found in
References 11.1 and 11.2.

4.2 On the average, the concentrations obtained at the OSHA standard
level using the overall sampling and analytical method were
2.5 lower than the "true" concentrations for a limited number
of laboratory experiments. Any difference between the "found"
and "true" concentrations may not represent a bias in the
sampling and analytical method, but rather a random variaticii
from the experimentally determined "true" conrentration. There-
fore, no recover, correction should be applied tn the final
result.

5. Advantages and Disadvantages of the Method

5.] The sampling device is small, portable, and involves no liquics.
Interferences are minimal, and most of those which do )ccr can
be eliminated by altering chromatographic conditions. 7h,
samples in bags are analyzed by means of a quick instrumental
method.

5.2. One disadvantage of the method is that the gas sampling baf is
rather bulky and may be punctured during sampjing and ship;ing.

6. Apparatus

6.1 Personal Sampling Pump. A personal sampling pump capable of
filling a bag at approximately 0.05 liter per minute is required.
This pump should be calibrated to within ±5%.

6.2 Gas Sampling Bag. 5-liter capacity; only the five-layer
sampling bags manufactured by Calibrated Instruments, Inc.
(731 Saw Kill Road, Ardsley, Now York 10502) were found to
be satisfactory for sample collection and storage for at least
7 days. The bag is fitted with a metal valve and hose bib.
For the preparation of calibration standards in the laboratory,
5-liter Saran or Tedlar bags could be used.

6.3 Gas Chromatograph. The unit must be equipped vith a thermal
conductivity detector and a S-milliliter gas sampling loop or
equivalent. A portable w.it with no column temperature control
is adequate.

6.4 Colum. (5-ft x 1/4-in stainless steel) packed with 80/100
mamh Porapak QS.

6.5 Are& Integrator. An electronic int.grator or some othar suit-
able method for measuring peak areas.

A-4
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6.6 Gas-tight syringes. 10-i and other convenient sizes for making

standards.

6.7 Calibrated Rotameters. convenient sizes for making standards.

7. Reagents

7.1 Carbon dioxide. 99t or higher purity.

7.2 Nitrogen, purified.

7.3 Helium, purified.

7.4 Air, filtered compressed.

S. Procedure

8.1 Cleaning of Sampling Bags and rheckin6 for Leaks. The bags are

cleaned by opening the closure mechanism and bleeding out the

air sarple. The use of a vacuum pump is recommended although

this procedure can be carried out by manually flattening the bags.

The I-gs are then flushed with carbon dioxide-free air and evacu-

ated. This procedure is repeated at least twice.

Bags ma' be checked for leaks by filling the bag with air until

taut, sealing and applying gentle pressure to the bag. Observe

for any discernable leaks and any volume changes or slackening

of the bag, preferably over at least a one-hour period.

8.2 Calibration of Persona] Pumps. Each personal pump should be

calibrated to minimize errors associated with uncertainties in

the sample volume collected. Although sample volume is not

actually used in this determination, the pump should be cali-

brated to avoid over filling the bags; i.e., a maximum sampling
time can be determined based on flow rate and sample volume
which is approximately equal to 80% volume of bag.

8.3 Collection and Shipping of Samples.

8.3.1 Imediately before sampling, attach a small piece of
Tygon or plastic tubing to the hose bib of the five-layer

gas sampling bag.

8.3.2 Unscrew the valve fitting and attach the tubing to the

outlet of the sampling pump.

8.3.3 Air being sampled will pass through the pump and tubing

before entering the sampling bag, since a "push" type

pump is required.

8.3.4 A sample size of 3-4 liters is recommended. Sample at a
flow rate of 0.05 liters per minute or less, but not less

than 0.01 liters per minute. The flow rate should be
known with an accuracy of at least + 5%.

A-5

't I

-- J __.. . m .. = . ... t _ . .. .. . . . .. . .j] -2 = , ., '.- , - .-- -4 ,



8.3.5 The temperature and pressure of the atmosphere being
sampled should be recorded. If pressure reading is not
available, record the elevation.

8.3.6 The gas sampling bag should be labeled appropriately
and sealed tightly.

8.3.7 Gas sampling bags should be packed loosely and padded
before they are shipped to minimize the danger of getting
punctured during shipping.

8.4 Analysis of Samples

8.4.1 GC Conditions. The typical operating conditions for the
gas chromatograph are:

1. 100 rllmin (25 psig) helium carrier gas flow

2. Ambient injector temperature

3. 70*C manifold temperature (detector)

4. Ambient column temperature

A retention time of approximately 2 minutes is to be

expected for the analyte under these conditions and at
ambient temperatures of 20-25*C using the column recom-

mended in Section 6.4. The carbon dioxide elutes after
oxygen and nitrogen.

8.4.2 CC Analysis. The gas sampling bag is attached to the
sample loop of the CC unit via a short piece of tubing.
Open the closure valve of the gas sampling bag and fill

the 5-ml sample loop by gently squeezing the sample
bag. To allow the sample in the loop to attain atmos-
pheric pressure, release the pressure applied to the
sample bag just prior to turning the sample loop valve
to inject the sample onto the column.

8.4.3 Measurement of area. The area of the sample peak is mea-
sured by an electronic integrator or some other suitable
form of area measurement, and the results are read from
a standard curve as discussed in Section 9.

9. Calibration and Standards

9.1 Completely evacuate a 5-liter gas sampling bag, preferably vith ,1
the aid of a vacuum pump. Introduce 1.0 liter of filtered air
via a septum into the bag; this can be done using a calibrated
rotameter. Then add a known volume of carbon dioxide gas through
a septum and add more air to a total accurately known volume of
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between 3-4 liters. It is necessary to know accurately the volume
of carbon dioxide added and the total voltme of air to determine
concentration in ppm. The concentration in ppm is equal to the
volume of carbon dioxide divided by the sum of the volume of
carbon dioxide and the volume of air.

9.2 A series of standards, varying in concentration over the range
of interest, is prepared as described above and analyzed under
the same GC conditions and during the same time period as the
unknown samples. Curves are established by plotting concentration
in pp? versus peak area. Corrections for the unknown carbon
dioxide concentration in the filtered air must be made if neces-
sary. The carbon dioxide correction factor can be determined
by filling an evacuated bag with 3-4 liters of the filtered air
used for preparing the calibration standards. This "blank" air
is analyzed under the same conditions as the calibration stan-
dards and the samples. The "blank" area thus determined is sub-
tracted from the peak area of each calibration standard. A
calibration curve is established by plotting concentration in
ppr versus corrected peak area.

Note: Calibration standards should be analyzed at the same tire
the sample analysis is done. This will minimize the
effect of variations in detector response.

In. Calculaticons

10.1 Read the concentration in ppm, corresponding to each peak area
from standard curve.

10.2 Another method of expressing concentration is mg/cu m (corrected
to standard conditions of 25*C and 760 myr Hg).

T: 760 (T + 27 3)
mg/cu m x pp. x 24.45 xP . 298

where:

P a pressure (ir Hg) of air sampled

T - temperature (C) of air sampled
24.45 a molar volume (liter/mole) at 25"C and 760 mm HP

MW - molecular weight
760 w standard pressure (mm Hg)
298 - standard temperature (*K)

11. References

11.1 Memoranda, Kenneth A. Busch, Chief, Statistical Services, KLCD,
to Deputy Director, DLCD, dated 1/16/75, 11/8/74, subject:
"Statistical Protocol for Analysis of Data from Contract
CDC-99-74-45."
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11.2 Backup Data Report for Carbon Dioxide, prepared under VIOSN
Contract No. 210-76-0123.
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NITROGEN DIOXIDE AND NITRIC OXIDE IN AIR

Measurements Support Branch

Analytkal Method

Anal% te Nitrogen Dioxide Method No. UPCAM 231
and Naitnc Oxide

RanSe 0.8 to 30 ppm of NO,

Matrix Air or NO in a I-tier sample

Procedure Solid sorbeni Precision(CVT) NO 2 . 0 07 af

colle,.tion. tnethanol- 0.5 to 5 ppm: NO. 006 at
amine extraction. spe - 12.5 to 50 ppm
trorhotometr.

Classification D (Operational)

Date Issued 6.'30 7o

Date Rei-ied

Principle of the Method

Nitrogen dioxide (NO 2 ) and nitric oxide (NO) are collected from air in a three-section
sorbent tube The NO2 is absorbed in the first section. which contains tnethanolamine
(TEA) impregnated on molecular sieve. The NO is converted to NO 2 by a proprietar
oxidizer in the second section The NO 2 thus formed from the NO is absorbed in the third

section by another bed of TEA-impregnated molecular sieve. The first and third sections are
desorbed with solutions of TEA in water and the nitrite in these solutions is determined
spetrophotometrically by the Gness-Saltzman reaction. (Reference I I. 1) The nitrite found
in the first section is reported as NO, and the nitrite in the third section is reported as SO

2 Range and Sensitivit\

2 I The linear range of the standard curve is from 0.5 to 18 pg of nitrite in 10 ml of

desorbing solution, which corresponds in this method to a range of 0 8 to 30 ppm of
NO, or NO in a I-liter sample of air

22 The sensitivity is 0.4 pg'i 0 mk for an absorbance of 0 04

2.3 The upper limit of the range can be extended by taking smaller aliquots for analysis. or
be diluting intensely colored solutions with water

3. Interferences

3.1 Inorganic nitrites cause positive interference.
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3.2 Nitric acid and nitrates do not interfere.

3.3 Ammonia does not interfere.

4. Precision and Accuracy

4 I The average recovery for 22 samples in the range 0.5 to 5 ppm of NO, was greater than
96% and the coefficient of variation was 0.07.

4.2 For 18 samples the average recovery of NO varied with the amount of NO collected
The recovery was 100% at 12.5 ppm. At 25 ppm only 84% recovery was achieved, and
at 50 ppm only 67%. However, the coefficient of variation over the range was only
0.06. The recovery may vary depending upon the sample flow rate and the properties
of the particular lot of oxidizer used. Each laboratory should determine the efficiency
of the sampling tubes employed

4.3 The accuracy of the overall sampling and analytical method has not been determined.

5 Advantages and Disadvantages of the Method

5 1 Both nitrogen dioxide and nitric oxide are collected simultaneously.

5.2 This method is simple and convenient for field sampling

5.3 Samples can be stored at ambient temperature for at least 10 days without any effect
on the results.

5 4 At 50 ppm of NO the collection efficiency is poor (about 67%) because the oxidizer is
consumed.

5.5 If high humidity or water mist is present. the breakthrough volume can be severely
reduced. If water condenses in the tube, NO, and NO may not be collected
quantitatively

6 Apparatus

6 I Sampling Equipment

6 I 1 Solid sorbent tubes are made in the following manner. Using a ps-oxygen
torch, heat a section of S-mm i.d., 7-mm o.d. Pyrex glass tubing and pull it

A-10
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apart to form a tube approximately I5 am long with a taper 2 cm long. Seal

the tapered end of the tube in the flame. Allow it to cool, then insert a small
plug of glass wool through the open end of the tube; push the glass wool
through the open end of the tube with a thin wooden stick and pack gently.
Weigh 400 mg of TEA sarbent and pour the material into the tube. (See
Section 7.2) Gently tap the tube on the table top several times to ensure
uniform packing Insert mother small plug of glass wool to keep the TEA
sorbent in place. For the next section, pour 00 mg of oxidizer into the
tube. (See Section 7.1.) Again tap the tube and insert a plug of glass wool.
pack lightly Insert another plug of glass wool, maintaining an air gap of 12
mm between these two plup. Weigh 400 mg of TEA sorbent and pour the
material into the tube. Carefully tap the tube and gently pack another glass
wool plug without closing the 12-mm air ap. Seal the open end of the tube
with the torch. See the figure on page 231-9.

6.1.2 A personal sampling pump that can provide a flow rate of 50 ml'min within
5 accuracy is required. The pump should be calibrated with a
representative sorbent tube in the sampling line. A dry or wet test meter or
glass rotameter that will determine the flow rate to within 51/ may be used
for the calibration.

6.2 Spectrophotometer capable of measurements at 540 nm

6.3 Matched glass cells or cuvettes, 1-cm path length.

6.4 Assorted laboratory glassware: pipettes. glass-stoppered graduated cylinders. and
volumetric flasks of appropriate sizes.

7 Reagents

7.1 Oxidizer. Proprietary material Number 1900277 from the Drierwerk Company of
West Germany. supplied through its U.S distributor, National Mine Safety Company.
or the equivalent.

7.2 TEA Sorbent. Place 25 g of triethanolamine in a 250-me beaker, add 4 g of glycerol.
SOmR of acetone and sufficient distilled water to bring the volume up to OOme.To the
mixture add about S0 mf of Type 13X, 30/40-mesh Molecular Sieve. Stir and let stand
in a covered beaker for about 30 min. Decant the excess liquid, and transfer the
molecular sieve to a porcelain pan Place the pan under a heating lamp until most of
the moisture has evaporated. Complete the drying in an oven at I IOC for I hr The
sorbent should be free flowing Store it in a closed glass container.
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7.3 Desorbing Solution. Dissolve 15.0 g of triethanolamine in approximately 500 mR of
distilled water, add 0.5 me of n-butanol, and dilute to I titer.

7.4 Hydrogen Peroxide. O.02%(v/v). Dilute 0.2 ml of 30% hydrogen peroxide to 250 mR
with distilled water.

7.5 Sulfanilamide Solution. Dissolve 10 g of sulfanilamide in 400 me of distilled water.

Add 25 me of concentrated phosphoric acid, mix well, and dilute to 500 me.

7.6 NEDA Solution Dissolve 0.5 pn of N-(i-naphthyl)ethylenediamine dihydrochloride in
500 mV of distilled water.

7.7 Nitrite Stock Standard Solution (100 ugl/mf). Dissolve 0.1500 g of reagent grade
sodium nitrte in distilled water and dilute to I liter.

8. Procedure

8 1 Cleaning of Equipment. Wash all glassware with detergent solution, soak in nitric acid.

nnse in tap water and distilled water, and then rinse thoroughly with double distilled
water

8.2 Collection and Shipping of Samples

82.1 Before sampling, break open the ends of the sorbent tube to provide an
opening that is approximately one-half the internal diameter of the tube

8 2 2 The air must flow through the 12-mm air space before it flows through the
oxidizer Therefore attach the end of the tube without the air gap between

the oxidizer section and TEA sorbent section to the pump with a length of
small diameter Tygori tubing.

8.2.3 Mount the tube in a vertical position to avoid channeling

8.2.4 The air being sampled should not pass through any hose or tubing before it
enters the sorbent tube.

8.2.5 Turn on the pump to begin sample collection. Sample at a flow rate of 50

me/min or less to obtain a maximum sample volume of I liter. Measure the
flow rate and time, or volume, as accurately as possible If a low flow rate

pump is used, set the rate to an approximate value and record the initial and
final stroke counter readinp. Obtain the sample volume by multiplying the

number of strokes by the stroke volume.

8.2.6 Measure and record the temperature and pressure of the atmosphere being
sampled.

IA1
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8.2.7 Cap the sorbent tubes with 7-emr i.d. plastic caps immediately after
sampling. (Masking tape an be substituted for the plastic caps.)

8.2.8 With each batch of samples, submit one blank sarbent tube. This tube is
handled in the same manner a the other tubes (break, meal, and transport)
except that no air is drawn through it. When more than ten samples are
submitted, include an additional blank for every ten samples.

8.2.9 Pack the capped sorbent tubes tightly and pad them to minimize breakage
dunng shipping

8.3 Analysis of Samples

83 1 With tweezers remove and discard the glass wool plugs from an exposed
sorbent tube and transfer each TEA sorbent bed to separate. 25-ml
glass-stoppered graduated cylinders. Label the graduated cylinder as to the
location of the TEA sorbent with respect to the oxidizer section

8.3.2 To each graduated cylinder add enough of the desorbing solution to make
the volume up to 20 mt. and shake the mixture vigorously for about 30 sec

8.3.3 Allow a few minutes for the solids to settle, and then transfer 10 mi to
another 25-mf glass-stoppered graduated cylinder.

8.3.4 Develop the color of the solution for 10 min in the same manner as

described for the preparation of the standard curve (Sections 9.4 to 9.6)
From the standard curve determine the amount of nitrite in the 10-m
aliquot.

8.4 Determination of Collection and Desorption Efficiencies

8 4 1 Importance of Determination. The collection and desorption efficiencies of a
given compound can vary from one laboratory to another and also from one
batch of sorbent tubes to another. Thus, it is necessary to determine at least
once the percentages of sample collected and then removed in the desorption
process Results indicate that the recovery of NO varies with the amount of
NO collected, particularly at higher concentrations (for example. at 50
ppm).

A
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8.4.2 Procedure for Determioinig Collection md Dnorplion Efficiencies. Sorbent
tubes from the same batch as that used in obtaining samples are used in this
determination. Known volumes of NO, and NO are injected into a bag
containing a known volume of air. The bag is made of Tedlar (or another
material that will not absorb NO2 or NO) and should have a gas sampling
valve and a septum injection port. The concentrations of NO, and NO in the

bag may be calculated at room temperature and pressure. A measured
volume is then sampled through a sorbent tube with a calibrated sampling
pump. At least five tubes are prepared in this manner. These tubes are

desorbed and analyzed in the same manner as the samples (Section 8-3).

84.3 Calculation of Desorption Efficiency. The desorption efficiency (D.E.) is the
average concentration (corrected for the blank) of NO 2 or NO found by
analysis of the sorbent tubes divided by the concentration of NO 2 or NO in
the bag

9 Calibration and Standards

9 I Dilute Z mE of the nitrite stock standard (100 pglmQ) to 100 mE with the desorbing
solution to prepare a solution with a nitrite concentration of 2 glmE

9.2 To a seneN ol 25-mk glass-stoppered graduated cylinders add 1. 3. 5. 7. and 9 mE of the
dilute standard solution

9.3 Add enough of the absorbing solution to bring the volume in each cylinder up to 10
mE to prepare working standards with nitrite concentrations of 2, 6. 10. 14, and 18

9 4 To each grduated cylinder. add I mE of the 0.02/; hydrogen peroxide solution. 10 ME
of the %ulfanilamide solution, and 1.4 mf of the NEDA solution, with thorough mixing
after the addition of each reagent

9.5 Allow 10 mm for complete color development

9.6 Me-sure the absorbanLe of the solutions at 540 nm. using a reagent blank in the
reference cell

9.7 Prepare a standard curve by plotting absorbance viru.% weight of nitrite (in Pg) in 10
mR of the desorbing %olution

a
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10. Calculations

10.1 From the standard curve, mead the weight of nitrite (in pg) in 10 ml of the desorbing
solution corresponding to the absorbance of the sample solution. Multiply this weight
by 2 to determine the total amount (in p ) of nitrite extracted with 20 mi of
desorbing solution from the sorbent section being aialyzed. The calibration procedure
is based upon the empirical observation that 0.63 mole of sodium nitrite produces the
same absorbance in the color-developed solution as I mole of NOs. (See Reference
I 1.2.) Divide the amount of nitrite desorbed from the sorbent material by 0.63 to
determine the apparent amount of NO7 collected in the sorbent section These
calculations are summanzed in the following equation

W= M NO; x 2
0 63

where W = weight (in jg) of NO, found

10.2 correct the amount of NO, calculated in Section 10.1 for the amount of NOY. if any.
found on the corresponding sorbeni section of a blank tube to obtain the amount of
NO, in the sample. as follos

= .b

where W s = corrected weight (in pg) of NOY in sample.

Wt, = weight (in ug) of NO2 in the corresponding section of a
blank tube

10.3 The concentration of NOY in parts per million (ppm) by volume in the air sample is
calculated as follows

ppm= 2 x _245 x 7 x T4*273
V M.A. P 298

where V x volume (liters) of air sampled
M W.c molecular weight.

24 45 molar volume (liter/mole) at 25C and 760 mmHg
P - pressure (mmHg) of air sampk, j
T - temperature (C') of air sampled

* 10.4 The ppm of NO, found in the third section (downstream from the oxidizer) is reported

as ppm of NO
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ODORANTS

To satisfy the need for an objective analytical technique for assessing

diesel exhaust odorants as a group, the Diesel Odor Analysis System (DOAS)

has been selected for use during this study.* The sampling portion of the

DOAS method is based on the collection of filtered exhaust emissions over

Chromosorb 102 adsorbent. The analytical portion of DOAS is performed by

elution of the adsorbent with cyclohexane, separation with methanol, and

analysis using silica gel liquid chromatography with ultraviolet absorption

detection. The method separates the total organic extract into paraffinic

and aromatic, and polar (oxygenated) fractions. Because previous sensory

studies have shown that smoky-burnt odors are the prime contributors to the

total diesel exhaust odor and that the smoky-burnt odor is associated with

the polar (oxygenated) fraction, this fraction best assesses the total in-

tensity of the odor or aroma.

The total intensity of the aroma (TIA) scale has been generally accepted

as a useful means to subjectively quantify odors when the risks to human

judges are low. During potentially high risk exposures, the DOAS produces

results that can be compared with the TIA scale. A number of studies have

shown that the DOAS method gives good correlation with diesel odor intensity

as measured on the TIA scale. Equation 1 is used to estimate the TIA from

DOAS polar fraction (methanol extract) data.

TIA - 1.0 + 1.0 log 10f

Eq. 1

where: f z the polar fraction in mg/m 
3

With r2 . 0.996, and 26 - 0.32, the ±0.32 TIA 95 percent confidence limits

are better than normally observed (0.4) in odor observations.

Levins, P.L., et al. Chemical Analysis of Diesel Exhaust Odor Species.

SAE Tech. Paper 740216, 1974.
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ORGANIC SOLVENTS IN AIR

Physical md Chemla Anl ysk BDemb

Analytca Method

A-d.te: Organic Solvents Metbod No.: PICAM 127

(See Table I)

Matrix: Air Rtm: For the specifc
compound, refer

Procedure: Adsorption on charcoal to Table I
desorption with carbon
disulfide. GC

Date Issued: 9 15 72 Precision: 10.5% RSD

Date Revised: 2 15 77 Clmuiicauion: See Table I

1. Principle of the Method

1.1 A known volume of air is drawn through a charcoal tube to trap the organic vapors present

1.2 The charcoal in the tube is transferred to a small, graduated test tube and desorbed with
carbon disulfide

1.3 An aliquot of the desortied sample is injected into a gas chromatograph.

1 4 The area of the resulting peak is determined and compared with areas obtained from the
injection of standards

2. Range and Sensitivit.

The Iower limit in mg sample for the specific compound at 16 X I attenuation on a gas chromato-
graph fitted with a 10 1 splitter is shown in Tablc 1. This value can be lowered by reducing the
attenuation or by eliminating the 10 1 splitter.

3. Interferences

3 1 When the amount of water in the air is so great that condensation actually occurs in the tube.
organic vapors will not be trapped Preliminary experiments indicate that high humidity
severely decreases the breakthrough volume

3.2 When two or more sohlents are known or suspected to be present in the air. such information
(including their suspecteJ identities). should be transmitted with the sample, since with dif-
ferences in polarity, one may displace another from the charcoal.

3.3 It must be emphasized that any compound which has the same re.tention time as the specific
compound under stud) at the operating conditions described in this method is an interference.
Hence, retention time data on a single column. or even on a number of columns, cannot be

* considered as proof of chemical identity. For this reason it is imporan thalt a sample of
the th'bulk solvent(s) be submitted at the same time so that identity(ies) cm be established by
other means.
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3.4 If the possibility of interference exists. sepuation couditions (column packing, temperaues,
etc.) must be changed to circumvent the problem.

4. Prucbkm aid Acteurs

4.1 The mean relative standard deviation of the analytical method is 8% (11.4).

4.2 The mean relative standard deviation of the analytical method plus field sampling using an
approved personal sampling pump is 10% (11.4). Part of the error associated with the
method is related to uncertainties in the sample volume collected. If a more powerful vacuum
pump with associated gs-volume integrating equipment is used, sampling precision can be
improved.

4.3 The accuracy of the overall sampling and analytical method is 10% (NIOSH-unpublished
data) when the personal sampling pump is calibrated with a charcoal tube in the line.

S. Advuatages and Disadvantages of the Method

5.1 The sampling device is small, portable, and involves no liquids. Interferences are minimal,
and most of those which do occur can be eliminated b) altering chromatographic conditions.
The tubes are analyzed by means of a quick, instrumental method. The method can also be
used for the simultaneous analysis of two or more solvents suspected to be present in the
same sample by simply changing gas chromatographic conditions from isothermal to a tem-
perature-programmed mode of operation.

5.2 One disadvantage of the method is that the amount of sample which can be taken is limited
by the number of milligrams that the tube will hold before overloading When the sample
value obtained for the backup section of the charcoal tube exceeds 25% of that found on
the front section. the possibility of sample loss exists During sample storage, the more
volatile compounds will migrate throughout the tube until equilibrium is reached (33% of
the sample on the backup section).

5.3 Furthermore, the precision of the method is limited by the reproducibility of the pressure
drop across the tubes This drop will affect the flow rate and cause the volume to be im-
precise. because the pump is usually calibrted for one tube only.

6. Apparatus

6 1 An approved and calibrated personal sampling pump for personal samples For an area
sample. any vacuum pump whose floA can be determined accuratcl) at I liter per minute
or less

6.2 Charcoal tubes- glass tube with both ends flame sealed. 7 cm long with a 6-mm O.D. and a
4-mm I.D, containing 2 section; of 20 40 mesh activated charcoal separated by a 2-mm
portion of urethane foam The activated charcoal is prepared from coconut shells and is
fired at 6001C prior to packing The absorbing section contains 100 mg of charcoal. the
backup section 50 mg A 3-mm portion of urethane foam is placed between the outlet end of
the tube and the backup section A plug of silylated glass wool is placed in front of the
absorbing section. The pressure drop across the tube must be less than one inch of mercury
at a flow rate of I 1pm.

6.3 Gas chromatograph equipped with a flame ionization detector.

6.4 Column (20 t x % in) with 10% FFAP stationary phase on 80'100 mesh, acid.washed

DMCS Chromosorb W solid support. Other columns capable of performing the required
separations may be used.

/
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6.5 A mechanical or electronic egrator or a raide md Wm mashod for dusleing peak

6.6 Micrigcentrifuge tubes, 2.5 ml. graduated.

6.7 Hamilton syringes 10 ,J, and convenient sizes for making standards.

6.8 Pipets. 0.5-ml deliver) pipets or 1.0-ml type graduated in 0.1-ml hremmsts.

6.9 Volumetric flasks: 10 ml or convenient sizs for making standard molutios.

7. Reaeuts

7.1 Spectroquality carbon disulfide (Matheson Coleman and Bell).

7.2 Sample of the specific compound under study, preferably chromatoquality grade

7.3 Bureau of Mines Grade A helium

7.4 Prepurified hydrogen

7.5 Filtered compressed air

8. Procedure

8 1 Cleaning of Equipment: All glassware used for the laboratory analysis should be detergent
washed and thoroughl) rinsed with tap watcr and distilled water.

8.2 Calibration of Personal Pumps. Each personal pump must be calibrated with a representa-
tive charcoal tube in the line This will minimize errors associated with uncertainties in
the sample volume collected.

8.3 Collection and Shipping of Samples

8.3.1 Immediately before sampling. the ends of the tube should be broken to provide an
opening at least one-half the internal diameter of the tube (2 mm).

8.3.2 The small section of charcoal is used as a back-up and should be positioned nearest
the sampling pump.

8.3.3 The charcoal tube should be vertical during sampling to reduce channeling through
the charcoal

83.4 Air being sampled should not be passed through any bose or tubing before entering
the charcoal tube.

8.3.5 The fiow. time, and or volume must be measured a accurately as posiihie. The sam-
ple should be taLen at a floa, rate of I lpm or less to attain the total sample volume
required The minimum and maximum sample volumes that should be collected foi
each solvent are shown in Table I. The mininium volume quoted must be collected if
the desired sensitivity is to be achieved

8.3 6 The temperature and pressure of the atmosphere being sampled should be measured
and recorded

8.3.7 The charcoal tubes should be capped with the supplied plastic caps immediately

after sampling Under no circumstances should rubber caps be used.

8.3.8 One tube should be handled in the same manner as the sample tube (break, seal. and
transport). except that no air is sampled through thib tube. This tube should be

labeled as a blank.

0.3.9. Capped tubes should be packed tightly before they are shipped to minimize tube break-
age during shipping.
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8.3.10 Samples of the suspected solvent(s) should be sbmitted to the laboratory for quali-
taive characterization. These liquid bulk samples should mt be ransponed in the
same container as the samples or blank tube. If possible, a bulk air ample (at least
50 I air drawn through tube) should be shipped for qualitative identilcauiom purposes.

3.4 AnIyso Siam
3.4.1 Preparation of Samples. In preparation for maylis, each charcoal tobe is ored

with a file in front of the first section of charcoal and broken open. The glass wool is
removed and discarded. The charcoal in the first (larger) section is transferred to a
small stoppered test tube. The separating section of foam is removed and discarded;
the second section is transferred to another test tube. These two sections are analyzed
separately.

8.4.2 Desorption of Samples. Prior to analysis, one-half ml of carbon disulfide is pipetted
into each test tube. (All work with carbon disulfide should be performed in a hood
because of its high toxicity.) Tests indicate that desorption is complete in 30 min-
utes if the sample is stirred occasionally during this period.

8.4.3 GC Conditions. The typical operating conditions for the gas chromatograph are.

I. 85 cc,'min. (70 psig) helium carrier gas flow.

2. 65 cc 'man (24 psit) hydrogen gas flow to detector.

3. 500 cc mn S0 psig) air flow to detector.

4. 2000C injector temperature.

5. 2000C manifold temperature (detector).
6. Isothermal oven or column temperature - refer to Table I for specific compounds

8.4.4 Injection The first step in the analysis is the injection of the sample into the gas
chromatograph. To eliminate difficulties arising from blowback or distillation within
the syringe needle, one should employ the solvent flush injection technique. The 10
juI syringe is first flushed with solvent several times to wet the barrel and plunger.
Three microliters of solvent are drawn into the syringe to increase the accuracy and
reproducibility of the injected sample volume. The needle is removed from the sol-
vent. and the plunger is pulled back about 0.2 #J to separate the solvent fush from
the sample with a pocket of air to be used as a marker. The needle is then immersed
in the sample, and a 5-pJ aliquot is withdrawn, taking into consideration the volume
of the needle. since the sample in the needle will be completely injected. After the
needle is removed from the sample and prior to injection, the plunger is pulled back
a short distance to minimize evaporation of the sample from the tip of the needle.
Duplicate injections of each sample and standard should be made. No more than a
3% difference in area is to be expected.

8.4.5 Measurement of area. The area of the sample peak is measured b) an electronic
integrator or some other suitable form of area measurement. and preliminar) results
are read from a standard curve prepared as discussed below.

8.5 Idermlailo of Desoqelom F~ciency

8.5.1 Importance of determination. The desorption efficiency of a particular compound can
vary from one laborator) to another and also from one batch of charcoal to another.
Thus, it is necessary to determine at least once the percentage of the specific compound
that is removed in the desorption process for a given compound. provided the same
batch of charcoal is used. NIOSH has found that the desorption efficiencies for the

*1 compounds in Table I are between 81 and 100% and vary with each batch of
charcoal.
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8.3.2 Procedure for determning dusorption eftiiency. Activated chnrcoal equivalent to
the amount in the first aectinon Sf the sampling tube (100 mg) is measured into a
5Scm. 4-mm I.D. gas& tube, fi1amc-sealed at one gnd (similar to commercially avail-
able culture tubes). This charcoal must be from the eame batch as that used in ob-
taining the samples and can be obtained from sund charcoal tubes. The open end
is capped with Paraflm A known amount of the compound is ijected directly
into the activated charcoal with a microliter syringe, and the tube is cpped with more
Parafilm The amount injected is usually equivalent to that present in a 1O-biter sam-
ple at a concentration equal to the federal standlard.

At least five tube,. are prepared in this manner and allowed to stand for at least f-ver-
night to assure complete absorption of the specific compound onto the charcoal. These
five tubes are referred to as the samples A parallel blank tube should be treated in
the same manner except that no sample is added to it. The sample and blank tubes
are desorbed and analyzed in exactly the same manner as the sampling tube described
in Section 8 4

Two or three standards are prepared by injecting the same volume of compound into
0.5 ml of CS., with the same syringe used in the preparat tork of the sample These
are analyzed with the samples

The desorption efficiency cquals the difference between the average peak area of the
samples and the peak area of the blank divided by the average peak area of the
standards. or

desorptionricec - Area sample - Area blank

9. Calibration end StandardsArasndd

It is convenient to express concentration of standards in terms of mg '0,5 ml CS. because samples
are desorbed in this amount of CS.- To minimize error due to the volatility of carbon disulfide.
one can inject 20 times the weight into 10 ml of CS... For ex~ample. to prepare a 0.3 mf '0 5 ml
standard. one would inject 6.0 mg into exactly 10 ml of CS in a glass-stoppered flask The
densit% of the specific compound is used to convert 6.0 ing into microliters for ea'-, measurerment
with a microliter syringe A series of standards. varying in concentration o%cr the ronSL Of
interest. is prepared and anisl)zcd under the same GC conditions and during the same time period
as the unknown samples Curves are estahlished b) plotting concentration in mg (3 5 ml versus
peak area

NOTE Since no internal vtandard as uved in the method, standard solutions must be analyzed
at the same time that the sample analv~is is done This will minimize the eff,:ct of known do)-
to-day variations and variations during the same da) of the FID rerponse.

10. Coakulauionis

10.1 The weight. in mg. corresponding to each peak area is read from the standatrd curve for the
particular compound No volume correcions are needed. because the standard curve is
based on mg 0.5 ml CS. and the volume of sample injected is identical to the volume Of the
standards injected.

10.2 Corrections for the blank must be made for each sample
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mg. - mg found in front section of sample tube

wog. - mg found m from section of blank tube

A similar procedure is followed for the backup sections.

10.3 The corrected amounts present in the front and backup sections of the sumc sample tube
are added to determine the total measured amount in the sample.

10.4 This total weight is divided by the determined desorption efficiency to obtain the corrected
mg per sample.

10.5 The concentration of the analyte in the air sampled can be expressed in mg per m'.

mg m, - Corrected mg (Section 10.4) x 1000 (liters 'i)

Air volume sampled (liters)

10 6 Another method of expre~slng concentration is ppm (corrected to standard conditions of 25'C
and 760 mm Hg)

__4_i 6 (T +273)
ppm- mg n X1 x + 298

M% P 298

where

P - pressure (mm Hg) of air sampled
T - temperature ("C) of air sampled

24 45 - molar volume (liter 'mole) at 25 -C and 760 mm Hg
MW - molecular weight

760 stanJard pressure fmm Hg)

293 - standard temperature (K)
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TABLE I
Panmme, Amelusod W~h IP&CAN Aamwy k WOW No. 127

HOW~ DasOdm a" 1111011 bmp ltia .hm m) CC C6al Mollnda
mraik Iswveu Cb~e~cllo. fms/smpllk) ~MinmsZI "Mangem( TompeC Wft

Acetone D - 0.5 7.7 6053.1
benzene A 0.01 0.5 55 90 73.1
Carbon tetrachloride A 0.20 10 60 60 154.0
Chloroform A 0.10 0.5 13 s0 119
Dichloromethanc D 0.05 0.5 3.8 35 84.9

pDoaeA 0.05 1 Is 100 33.1
Eih% lent dichloride D 0.05 1 12 90 99.0
Meth% I cth% I ketone B 0 ' ~ 05 13 so 721
Strenc D 0.10 1.5 34 150 104
Tetrachloroeth) lent B 0.06 1 25 130 166
1.1.2-trichlotoethane B 0.05 10 97 1SO 133
1.I1. 1 -tichloroethane B 005 0.5 13 150 133

(mcth) I chloroform)
Trichlorocth% lnc A 005 1 17 90 131
Tolucnc B 0.01 0.5 22 120 92.1
Xiilenc A 0.02 0.5 31 100 106

(4) 11ilnimumn volume. in liters, ftquared 1o measure 0 1 times the OSHA standard
Wb These art bteaLthrough vohtomes calculated ith data derived from a potential plot (13.2) for activated coconl

chaircual Contcentrationts of vapor in air at 5 tormps the 01;HA standard (1 1.3) or S00 ppm, whichever is lower,
25T. and 760 torr were assumed These values wU be a% moch as 50% lower for atmospheres of high humidity
The effeci of multiple contaminant% have not been investigated but it ns suspected that less volatue compounds
in&. displace more volatile compound, fSee I and 111)
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PARTICULATES

Substance:

Inert or Nuisinct Dust

Standard:

S-heur tite-weighted average for respirable dust: 5 mg/i 3

8-hour tine-veighted average for total dust: 15 mg/m 3

Reference: 29 CFR 1910.93

Ana:'.'-ical "Itho_ :

The a-ount of material on a filter is determined bv filter weight gain.
Befcre sanpling,the filter is pre-weighed to the nearest 0.01 mg. After
sar~linc, the filter is reweighed. The difference in the filters weight
is as-ued to be the mass of material collected.

Sa",7:ing Equipnent:

Punp: A calibrated personal sampling pump whose flow can be determined
to an accuracy of + 5'. The pump must have been calibrated with
a representative filter and filter holder in line. If the respirable
dus: concentration is being measured, the pump must have a pulsation
dampener and be certified under 30 CFR 74.

Fiter Holder: 2 or 3-piece 137-mr filter holder held together by tape
or shrinking band.

Filter: 37---n diameter, 5.0 micrometer pore size polyvinyl chloride
filter or equivalent that has been pre-weighed to the nearest
0.01 mg. These filters must be hydrophotic. The filter should
be supported with a back-up pad.

Cyclone: 10-nm nylon cyclone. When the respirable dust concentration is
measured, it is used with a 2-piece filter holder.

Sampling Head Assembly: This assembly must hold the filter holder, cyclone,
and coupler together rigidly so that air enters only at the cyclone
Inlet.

Sample Size

A minimun sampling period of 60 minutes is recommended and longer periods
up to eight hours are preferable. 1: the respirable dust concentration
is being measured, a flow rate of 1.' liters per minute must be used. To
determine total dust concentration, is* a flow rate of 1.5 liters per minute.
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Sampling Procedure:

1. Assemble the filter and three-piece filter cassette and close
firmly to insure that the center ring seals the edge of the filter.
Examine the holder for a Rood filter seal. If the cassette willnot
seal tightly, it should be discarded. If respirable dust is beinp

measured, the center ring is not included in the filter holder. The

filter cassette should be held together by a shrinking band or tape.

2. If total nuisance dust is being sampled, remove the filter holder
plugs. Attach the filter holder to the sampling pump with a 1/4 inch
diameter,3-foot piece of tubing and an adaptor. The adaptor is used
to provide a tight connection between the filter holder and tubin;.

3. If the respirable dust is being sampled, assemble the two-piece filter

holder, coupler, cycloneland sampling head. The sampling head rigidly

holds together the cyclone and filter holder. The outlet of the
sampling head is connected to the pump by a 3-foot piece of 1/14 incK

flexible tubing.

4. Clip the cassette or cyclone assembly to the worker's lapel.

5. Turn the pu?p on and begin sample collection. The pump flow rate
should be checked periodically and readjusted if necessary.

6. Terminate sampling after the predetermined time and no:e sample
flow rate, collection timeand ambient temperature and pressure.
If a pressure reading is unavailable, record the elevation.

7. Collected sample cassette should be firmly sealed with the plugs
in both the inlet and outlet.

8. With each batch of samples, submit one filter subjected to exactly

the same handling as for the samples except that no air is drawn through

it. Label thene an blanks.

Special Considerations

1. Filter holders molded from cellulose-acetate-butyratejwhich is

commonly known as Tenite plastic,have been shown to cause blank

filter weight gains and must not be used.

2. The alignment of the filter holder and cyclone in the sampling head

must be checked. If these parts are not aligned properly, leakage

can result.

3. Before use, the cyclones grit cap or vortex finder should be removed

and the interior of the cyclone should be inspected. If the inside

of the cyclone is visibly scored, this cyclone should be discarded

since the dust separation characteristics of the cyclone might be
altered. If It Is dirty, the Interior of the cyclone should be cleaned
before use. This will prevent the reentralrment of this dirt.
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Shipping

After sampling,the samples and the blank should be shipped in a
suitable container designed to prevent damage in transit.

Reference:

"Sampling and Evaluating Respirable Coal Mine Dust", US Bureau of Mines.
Pittsburgh, Pa. Information Circular 8503, February, 1971, p. 47.
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SULFATES, SULFITES AND SULFUR DIOXIDE

Measurements Research Branch

Analytical Method

Analyte: Sulfates, Sulfites Method No.: P&CA 268
and Sulfur Dioxide

Range: Sulfates: 0.1-10 g/.3

Matrix: Air Sulfites: 0.1-10 mg/m
3

S02: 0.04-4 ppm
Procedure: Particulate sulfates (200-L air sample)

and sulfites collected
on filter; S02 on Precision: 5%
treated filter; (Analytical)
analysis by ion
chromatographN

Da: Issiuc2: 7/2/79

Date Revisej: Classification: E (Proposed)

I. Synopsis

A known volume of air is drawn through a filter train consisting of a
cellulose ester membrane filter followed by an impregnated cellulose
filter containing potassium hydroxide. Particulate matter, including
sulfates and sulfites, is collected on the first filter, while sulfur
dioxide passes through the first filter and is collected on the second
filter.

The filters are extracted with deionized water and the extracts are
analyzed by anion-exchange chromatography. The following quantities are
obtaine2:

SO, concentration: calculated from the sulfite peak on the
impregnated cellulose filter chromatogram.

Total sulfates concentration (sulfuric acid plus soluble
meta] sulfates): from the sulfate peak on the untreated
cellulose ester membrane filter chromatogram.

Particulate sulfites concentration: from the sulfite peak on
the untreated cellulose ester membrane filter chromatogram.
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2. Working Range, Sensitivity, and Detection Limit

2.1 The working range for a 200-L air sample is 0.1-10 mg SO or
S0/m 3 , and 0.04-4 ppm S02 (0.1-10 *g 302/m3). This
corresponds to 20-2000 US of sulfate, aulfite or sulfur dioxide
per sample.

2.2 The sensitivity at 30 Pmho full scale Is 5 pg sulfate, sulfite,
or sulfur dioxide per sample per mm chart deflection. The sensi-
tivity may be improved by using scale expansion on the readout
and by using a smaller volume than 10 mL to desorb the sample.

2.3 The detection limit is approximately 0.5 ig SO: or SO/mL in
the solution injected, corresponding to 5 g sulfate, sulfite, or
sulfur dioxide per sairple.

3. Interferences

3-1 Oxidation of particulate sulfite on the sample filters results in
a positive b~as for sulfates and a negative bias for particulate
sulfates.

3.2 Sulfur trioxide gas, if present in dry atmospheres, gives a posi-
tive bias in the sulfur dioxide determination.

3.3 Nitrate or phosphate ions may give similar retention times tc

sulfite. Identity of the sulfite peak may be established by
spiking the samples with known amounts of sulfite and analyzing
with at least two different eluents (e.g., the eluent in Section
7.14 and 0.003 M NaC0 3 /0.O1 M NaHCO 3 ).

3.L Insoluble sulfates collected on the first filter will not be
measured unless special care is taken to dissclve them.

4. Precision and Accuracy

4.i The relative standard deviation of the analytical method is 5% cr
less in the range 50-1000 A SO; or SO: per sample, corres-
ponding to 0.25-5 mg/M 3 SO2 , suifites, or sulfates.

4.2 A major factor affecting accuracy is the tendency of particulate

sulfites and absorbed sulfur dioxide to oxidize. Because of this,

a negative bias which has not been thoroughly investigated occurs.

5. Advantages and Disadvantages

5.1 The sampling device uses only filters and involves no liquids.

5.2 Oxidation of a significant fraction of the particulate sulfites

and sulfur dioxide in the sample is unavoidable.

5.3 Because identification is based on retention time, interferences
ay not be easily Identified (see Section 3.3).1
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6. Apparatus

6.1 The apparatus for the collection of personal air samples consists of:

6.1.1 Filter holder, 3-piece cassette, polystyrene, 37-m diameter.

6.1.2 Shrinkable cellulose band.

6.1.3 Mixed cellulose ester membrane filter, 0.8 micrometer pore
size, 37-mm diameter, supported by a cellulose backup pad.

6.1.4 Cellulose filter, Whatman-40 or equivalent, impregnated with
potassi1, hydroxide-glycerine solution, supported by a

cellulose backup pad. To prepare the filter, saturate it
with filter impregnating solution on a clean glass plate or
watch glass and dry at 100°C for 20-30 minutes.

6.1.5 Personal sampling pump whose flow can be calibrated in line

with a representative loaded filter holder to an accuracy of
+5% at the recomended flow rate.

6.1.6 Thermometer

6.1.7 Manometer

6.1.8 Stopwatch

6.1.9 Screw cap, glass bottles, such as scintillation vials.

6.1.10 Tweezers

6.2 Ion-exchange chromatograph, equipped with electrical conductivity
detector and recorder or integrator.

6.3 0-mL pipette

6.4 10-r.1 plastic syringe with male Luer fitting

6.5 In-line filter with Luer fitting, 25 mm diam (0.8 ym merbrane filter).

6.6 Volumetric flask, 100 r.L

7. Reagents

All reagents used should be ACS Reagent Grade or better.

7.1 Deionized, filtered water. Conductivity-grade delonized water with
a specific conductance of 10 Vmho/cm or less is needed for preparation
of eluents and other solutions which will be used on the ion chromato-
graph. The water should be filtered through a membrane filter

(O.A5-0.8 Iam pore size) before use to avoid plugging valves on the

chromatograph.
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7.2 Potassium hydroxide, KOH (pellets)

7.3 Glycerol

7.4 Sodium carbonate, Na2CO3

7.5 Sodium bicarbonate, NaHCO 3

7.6 Sodium sulfite, Na2 SO3

7.7 Sodium sulfate, Na2 SO4

7.8 Nitrogen gas

7.9 Filter impregnating solution. Dissolve 20 g KOH in about 50 mL
deionized water, add 10 ml. glycerol and dilute with deionized

water to 100 mL.

7.10 Sulfite stock standard (100 ppr SO;). Add 5 mL glycerol to a
100 m l volumetric flas a , dissolve in approximately 75 mL
deionized water which "-.s been heated to 1000C and cooled under

nitrogen to remove dissolved oxygen. Add 0.1575 g Na2 SO3 and dilute
to 100 ml. with deionized water. This standard should be prepared

fresh weekly.

7.11 Sulfite working standard (100 ppr SO-). Pipette 10.0 mL of 1000 ppr

sulfite stock standard into a 100 ml volumetric flask and dilute to
100 mL with a solution containing 2% (v/v) glycerol. Prepare fresh
daily.

7.12 Sulfate stock standard (1000 ppm SO-). Dissolve 1.4792 g Na2 SO in
deionized water and dilute to 1 liter.

7.13 Sulfate working standard (100 ppm SO). Dilute 10.0 rl of the

sulfate stock standard to 100 mL with deionized water.

7.1. Eluent (0.003 M C03/0.003 M HCO-). Dissolve 1.27 g Na2CO3 and

1.01 g NaHC03 in 4 liters of deionized, filtered water.

8. Procedure

8.1 Cleaning of Equipment. Glassware, including screw cap bottles,
should be washed in detergent and rinsed in dilute (1-5%) nitric
acid, followed by thorough rinsing with distilled or deionized
water.

8.2 Collection and Shipping of Samples

8.2.1 Each personal sampling pump must be calibrated with a
representative filter cassette in line to assure accurately

known sample volumes.
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8.2.2 Assemble the filter cassette as follows: Firat. place a backup
pad in place in the rear section of the cassette. On top of
this place a treated cellulose filter (Sec. 6.1.6) and then put
the center retaining ring of the cassette in place. Next, put
another backup pad on top of the retaining ring. place a mixed
cellulose ester membrane filter (Sec. 6.1.3) an top of the backup
pad, and put the front section of the cassette tn place. A
shrinkable band should be used to seal the cassette.

8.2.3 Collect the sample at 1.5 liters per minute. The air being
sampled should not pass through any hose or tubing before entering
the cassette. A sample size of 200 liters is recomended.

8.2.4 If significant amounts of sulfuric acid are suspected in the
sample, the cellulose ester membrane filter must be transferred
to a clean, glass bottle within 4 hours of sampling to avoid

low recovery of sulfate. Handle the filter with tweezers to
avoid contarination. Reclose the cassette containing the treated
cellulose filter.

6.2.5 Carefully record the sample identity and all pertinent sampling
data. With each batch of up to 10 samples submit appropriate
blank filters for analysis.

t.3 Analysis of Samples

8.3.1 Put the two filters from, the cassette into two separate, clean,
screw-top glass bottles. Add 10.0 ]. eluent (Sec. 7.14) to
each bottle and let stand, with occasional vigorous shaking, for
30 minutes.

8.3.2 Pour the contents of the bottle into a syringe fitted with an
in-line filter and collect the filtrate in a second syringe.

8.3.3 Inject the filtered sample onto the chromatograph and record
the sample identity and instrumental conditions. Typical
operating conditions are:

- sensitivity: 30 jnmho full scale (for 5-100 ppm sulfate
and sulfite)

- eluent: 0.0030 M Na2CO3, 0.0030 H NaHCO 3

- flow rate: 138 al./hr

- separator column: 3 m 1.D. x 500 sm (anion exchanger).
preceded by a precolmn

- suppressor column: 6 mm I.D. x 250 m (cation exchanger)
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- So= retention time: 6-7.5 &in (depending on eluent)

- SOZ retention time: 9-10.5 un (depending on aluent)

8.3.4 Measure and record the peak height or peak area of each
sulfite and sulfate peak. If interfering substances
(e.g., nitrate or phosphate) are present, establish positive
identity of sulfite and sulfate peaks by adding known amounts
of standard solutions and by changing eluent concentration
for better separation, if necessary.

9. Calibration and Standardization

9.1 From the 100 ppm working standards, prepare 5, 10, 15, 20, 3C, 50,
and 80 ppm sulfate and sulfite standards by diluting, respectively,
0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 8.0 mL to 10 mL with deionized
water. These standard solutions should be prepared fresh daily.

9.2 With each set of samples analyzed, a complete calibration curve
should be constructed, using the standards prepared in 9.1 or
additional standards as needed. Plot peak height or peak area
vs. concentration for both sulfite and sulfate. A sulfite standard
with nominal concentration Cn (ppm) will give two peaks: a
sulfite peak, C, and a sulfate peak, Cs (ppm). The relationship
between these is C a Cn - CS x 0.8334.

10. Calculations

10.1 From the calibration curves obtained in Sec. 9.2, read the
concentrations of sulfite and sulfate ions in each sample in ppm.
Designate whether the ions originated on the cellulose ester
meimbrane filter or the treated cellulose filter. Thus, four
concentrations will be obtained.

Cl . concentration, ppm, of sulfite from cellulose ester
membrane filter

C2 w concentration, ppm, of sulfate from cellulose ester
membrane filter

C3 - concentration, ppm, of sulfite from treated cellulose
filter

C4 a concentration, ppm, of sulfate from treated cellulose
filter

aI
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10.2 Calculate the concentrations In the air sample using the
formulae:

SC 1 ilO1

Total particulate sulfite 
(mgr3 )-

V

Total particulate sulfate (mg/
3 ) a C

2 x 10

V

(C3 x 10 x 0.08002) + (C4 x 30 x 0.6669)Sulfur dioxide (mg/t3) .

V

Sulfur dioxide (ppir.) - 0.3617 x sulfur dioxide (mg/ 3) x 760 x T
298 x P

where V is the volume (liters) of air sampled.

T is the absolute temperature (OK - °C + 273) at which
the sample was taken.

P is the pressure (= Hg) at which the sample was taken.

11. References

11.1 Mulik, J.D., R. Puckett, D. Williams, and E. Sawicki: Analysis

of Nitrate and Sulfate in Ambient Aerosols. Anal. Lett. 9: 653(1976)

11.2 Pate, J.B., Lodge, and M.P. Neary: The Use of Impregnated Filters

to Collect Traces of Cases in the Atmosphere. Anal. Chic..

Acta 28: 341 (1963)

Peter M1. Eller, Ph.D.
Michael Kraus
Inorganic Methods Development
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TOTAL PARTICULATE AROMATIC HYDROCARBONS (TpAI) IN AIR
Physical and Chemical Analysis Branch

Analytkal Method

Anle TpAH Method No.: P&CAM 206
Rakil' Air Range: Lower limit. 3 nanograms

benzo(a)pyrene

Progedw:. Sampling with glass fiber fll- Preision: t 1.33% RSD (Analytical)
ter, extract ultrasonically, en-
rich and measure with HPLC

Date [ianed: 1/1/75 lmssincation: E (Proposed)

Dae Revised:

I. Frrlaple o &he Method

Airborne particles collected from polluted attr )spheres on glk-c fiber filters are extracted ultra-
sonically in the presence of silica powder (11.1-3). The TpAi-.- the filtered extract are separated
by high speed liquid chromatography on a column of Corasit ai with a non-polar solvent, and the
absorbance is measured by a UV detector at 254 nm. Compounds responding to the detector are
shown in Tables 1, 2, 3, and 4. The extract is suitable also for the analysis of the aliphatic hydro-
carbons ( 1.4).

2. Range and Seanivity
2.1 Minimum reproducible level of standard benzo(a)pyrene at 254 nm is approximately 3 nano-

grams.

2.2 The minimum detectable TpAH (in terms of benzo(a)pyrene) for particulates collected on
one glass fiber filter of approximately 452 cm2 is approximately 5 micrograms, or 3.3 nano-
gramsi'ms of air if 1500 m" of air are sampled in the ambient atmosphere.

2.3 The upper range of TpAH concentrations can be increased by dilution of the extract and 'or
analyzing smaller samples. Sensitivity for low concentrations can be increased by injecting
larger samples into the chromatograph. Thus, very high levels of TpAH can be measured.

3.1 Any compound which is not retained on the silica column and absorbs light at 254 nm is
measured in this procedure.

Fluonme and some of its analogues and derivatives listed in Table 2. and polychloro deriva-
tives of some di- and tricyclic hydrocarbons in Table 3 are examples of such compounds.

3.2 Amino, carbonyl, bydroxy and nitro compounds elute after the PAH, so do not interfere.
See Table 2.

3.3 Carbateoles and aldehydes are either retained or have retention times larger than the PAH,
except N-alkyl substituted derivatives, which elute with the PAH. See Table 4.
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3.4 Oxygenated compounds, some phenols and m and imino-betwocycdia (exeptsoe .

bans of the inole senes) ame retaind Examples an benzoqwnoe, o-ahypeooL Wrft
and quinoline.

3.5 Most interfering compounds have quite low peak ahe/p vahue, wbich dacreum theirq
-Ificance. as shown in Tables 2, 3, and 4.

TABLE I
Sudem @6 PAWG

lugs* PA'/ps

Mono-, dicyclics
Benzene 990.4

N-Hexylbenzene 100 0.5
N-Heptylbenzene 100 0.7

Naphthalene 101 0.7
Azulene 93 3.0

Tricyclics
Azsthmaene 100 36.0

9-Methylanthracene 9915.0
Xanthent 102 1.3
Phenoxathiin 92 0.2
Pbenanthrene 100 10.0

Tetacyclics
Naphthacene 95 4.7
Chrysene 105 4.5
Pyrene 96 3.6

4-Methylpyrene 100 1.7
1 ,3-Dimethylpyrene 96 0.9

Triphenylene 100 9.0
Senz(&)anthracene 96 4.3
7.12-Dimethylbenz(a)anthracene 102 3.3

Pentacyclacs
Dibenz(a.hWazthracene 96 0.6
Denzo(a)Pyrene 100 5.3
Denzo(e)pyrene 92 2.2
Picene 995.0
Perylene 96 5.8

Ilexacyclics
Senzo(glhi)perylene 991.8
Anthanthrene 93 2.6
Dibenzo(fg, op)naphthacene 93 0.6
Coronene 91 0.5
Dibermo(g.p)chrysene 96 1.0
Naphtho(2, I ,3.qra) naphthaceneh 100 0.7

*Itesmatmult tis mapproimatay 2 manutm. 'Cr mapbtbo(2,3-&)pyrme. PA -Pug Ame.

4. Prackwo in Aewey

4.1 Homogeneous glam fiber samples containing air particulates were analyzed by Soxhlet ad
ultrasonic extraction. See Table 5. The relative standard deviation for 6 ultrasoic a"U
was * 1.33% end for 4 Soxhlet extracts ±t 26.1%. The ratio of Wulaonic to Soibld feW
ovey wa 1.14.

4.2 Recovery of PAH added to glss fiber Abter blank& and extracted ultraaomiinily was 95%

authracame; 97.5% for phenautthrene; and 93.2% for benao(a~prme (Ta"a 6).
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5. rdmqua md Dbodwitme d t Nd"

5.1 The exuraction is done at room temperature. Complete extraction of the TpAH i iassured
by the fine shredding of the glass fibers and the breaking up of clumps of perticulates.

5.2 Only a relatively smal sample of air particulates is required. Compliet anlysis time is
well under an hour, most of which is waiting time.

5.3 Most of the polar constituents are removed by adsorption in the homogenizing vessel. The
remainder are removed by the fat simple chromatographic amlysis.

5.4 The method can accommodate a wide range of hydrocarbon pollution concentrations, since
sample extract volumes ranging from 0.1 to 2 ml can be chromatographed.

5.5 Time and work are saved by not weighing the particulates or soluble organics.

TABLE 2

Ehdo of Fluorne, Analogues m Divadves
% oesd

COmpoad tM t-  ThUvb Cebhm PA/Ip X IV"

Fluorene 2.0 100 2.9
Dibenzothiophene 2.0 96 1.8
Dibenzofuran 2.0 98 0.3
Fluoranthene 2.0 95 2.5
Benzo(k)fuoranthene 1.8 97 1.4
Benzo(b)fluoranthene 1.0 99 1.6
2-Ethylfluorene 1.0 95 1.6
11 H-lenzo(b)fluorene 1.0 110 5.6
2-Nitroluorene 4.8 104 0.2
2,5-Diaitrofluorene 7.0 71 0.3
9-Fluorenol 8.5 14 0.2
3,6-Dinitrodibenzoselenophene 18.2 38 0.2
3-Aminofluorene 18.2 68 0.4
4-Fluorenecarboxylic acid Retained on column
2-Hydroxyfluorene Retained on column
2-Nitro-7-hydroxyduorene Retained on column
Fluorenone Retained on column

TABLE 3

Elhom of Polycbdwo Derivatives of DI- and Trcyclc Hydroembom

Cp Thew Ctiam PA/mg x- I"

I. I-Dichloro-2,2-bis(p.chlorophenyl)ethane (p.p'DDD) 94 0.02
1, l-Dicloro-2,2-bis(p-chorophenyl)ethylene (DDE) 97 0.50
1,1,1-Trichioo-2.2-bis(p-chlorophenyl)ethane (p,p'DDT) Is 0.02
Aroclor 1260 (chlorinated biphenyls, 60% chlorine) 100 0.13
Aroclor 5432 (chlorinated triphenyls, 32% chlorine) 104 0.61
Halowax 1099 (mixture of ti- and tetrachloro naphthalenm,

52% chlorine) 101 0.25
1.2.3.4,S,6,7,8-Octacloronaphthalene 97 0.64
2,3,4.S,62,3,4',.,6.Decachlobiphenyl 95 0.19
1:,2,3,4,5,6,7,8-Octachorodibenzouran 93 0.33
1,2.3,4,6.7,8.9-Otachorodibenzo-p.diouin 98 0.8
Tetradiocachioo-p-ts yl 95 0.22

•VIOS IM from I t 2 06.
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5.6 A disadvantage is that a blank correcion mwn be made for th fiber glass filter. Also, an
must be taken to avoid evaporation of the matract to drpass.

5.7 A lurther disadvantage is that the ultrasonic eatracizmms be dome Im a abox to sduce
the unacceptably hig noise level.

6. ApUarws
6.1 Soostier Cell Disruptor, 20 k~z power ultrasonic generator capable of dlialing 70 Watts Mu-

rately, with a 1.27-cm ( -inch) born disruptor and Somabox.
6.2 Liquid Chromatograph. with stainless stee column 2.6 x 300 mm. UV Detector with 254

am fter and loop injector with a capacity ranging from 0.1 to 2 ml.
6.3 Strip Chart Recorder with Disc Integrator.
6.4 An approved and calibrated personal sampling pump for collection of particulate matt.

Any vacuum pump whose flow can be determined accurately to within I 1pm or less.

TABLE 4

EDull. of Some ludoles, Crbazole and Aromatic Aidebydes

Campos"i IMML. Thaob Cohos xso

Indole 5.3 32 1.1
Carbazole 11.8 67 0.7
4-H-Denzo(def)carbazole 3.0 98 2.0
1l1-H.Benzo(a)carbazole 14.5 55 3.0
7-4-Dibenzo(c~g)czibazole 18.0 92 2.1
N-Phenylcarbatole 2.3 74 1.3
N-Etbylcarbazole 2.5 98 0.5
S-Methyl-S. 10-dihydroindeno(l .2-b) indole 2.8 103 1.9
2,3-Dimethylindole 5.3 90 5.5
2-Methylcarbazole 6.8 100 0.8
2-Hydroxycarbazole Retained on

colun
Retained on

N-Ethyl-3-aminocarbazole column
Benzaldehyde 12.8 56
2-Naphthaidehyde 3.2 78 0.3

OPemk Area

TABLE 5
Comparison of Ultrwouk and Soshlef Ezirwdwo

3amph we. ?PAIPg % FJOIS IPA/p 1a % h"

1 0.575 51 0.449 28
2 0.562 53 0.509 -

3 0.567 so0.0-
4 0.579 43 0.545 31
5 0.560 44 - -

6 0.573 44 - -

Average 0.S69 49 0.509 30
Rol Std. *1.33% :it26.1 %

Dev.
UtruonicSoxhlet Recover 1 .14

@1tamr to % a TpM b So extrat smaeimi.
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TABLE 6

Recovery of Added PAN

Pak Arma

Cemumi %mp*. As F .rw ML SWaaM , mews"

Anthracene 0.035 1005 1055 95.0
Phenanthrene 0.147 1155 1185 97.5
Benzo(a)pyrene 0.355 1846 1880 98.2

6.5 Column Bypass.

6.6 Fisher Filtrator and medium sintered glass filter.

6.7 U.S. Standard Sieve Series No. 120, with 125-micron openings.

7. Reagents

7.1 Cyclohexane, ACS spectroanalyzed, distilled once from glass.

7.2 Polynuclear aromatic hydrocarbons.

7.3 Glass powder, spherical, non-wettable. 38-53 microns in diameter.

7.4 Corasil II.

8. Focedwe

8.1 Exzrudciom

8.1 .1 The 1.27-cm horn of the sonifier cell disruptor is supported in a sonabox to reduce
noise. The sonifying vessel is a beaker 3.8 cm I.D. X 10 cm tall. The end of the
horn is set about 0.6 cm above the bottom of the beaker to insure adequate "stirring"
of the mixture and equal exposure to areas of intense cavitation. Approximately
16 square cm of the exposed glass fiber filter and blank are cut into roughly 1.3-cm
squares to facilitate shredding. The sonifying vessel is surrounded by an ice water
bath up to the level of the solvent mixture.

8.1.2 Homogeneous replicate samples of approximately 16 square cm of exposed and blank
glass fiber filters are prepared and adjusted to exactly 100 mg. This weight neces-
sarily includes both the particulates and the glass fiber. These samples were used to
maximize parameters and for comparison of ultrasonic and Soxhlet extractions, shown
in Table 5.

8.1.3 Samples for routine analysis are not weighed. Only the areas of the sample (16
square cm) and the whole filter, the volume of air sampled and the volume of extract
injected need to be determined. Sample at rate of at least 2 Ipm for I hr or more.

8.1.4 Extraction Procedure. The sample, 60 ml cyclohexane. and 5 ml silica powder are
placed in the sonifying vessel, and sonified for I min at 70 watts. The supernatant
is decanted into the sintered glass filter supported on a Fisher Filtrator. Cyclohexane
is added to the sonifying vessel to the level of the original mixture (usually about 50
mnl). Sonification is carried on for an additional 4 minutes. The contents are filtered
and combined with the first fraction, and rinsed with 50 ml cyclohexane. The al-
trates and rinsintp are collected in an Erlenmeyer flask and evaporated to about 5 d,
tramsferred quantitatively to a 10-nd volumeric flask and made to the mark.
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2.1.5 Sample and blank Biters (3.1.2) are extracted by Soahiet with 30.1l cyclobexane for
64 hr, for comparison with the ultrasonic extraction. See Table S. After filter%.
the extacts are evaporated in the same manner as the ultrasonic extracts.

8.1.6 The glass fiber filters used for air sampling should be as free as possible of solube
compounds which absorb at 254 nm. It may be necessary to flash fire or extract them
and care should be taken to avoid contaminating them.

A-4 ~ t 1i

_____ _____ ____ D E.:-TA'

MeIU AV



8.2.2 To tot the performsnce of the column, the percent of PAH which eluts is calmWg
from the peak mreas through the column and the olmhn bypass. Typical chromto.

ms from column and tubing are shown a Figure 2. Recovery of benzo(#a)payka
was 99"%. The pe cent of other hydrocarbons which dluted through the column rapd
from 91 to 105, Table 1.

3.3 Amya Footedme

8.3.1 An appropriate volume of extract is injected through the loop injector. A flm ort
of 1.6 ml/min gives a pressure drop of less than 800 PSI. The peak area is measured
with a disk integrator, driven by 0 to 10 servo strip chart recorder with a 0.5 in/nin
chart speed. The PAH elute in 3 to 5 min. Benzo(a)pyrene is used as the standm.
Polar compounds are retained on the column. Samples can be chromatograpbed evy
5 to 10 minutes.

8.3.2 The column bypass is also used to determine the percent of PAH in the organic r-
terial of the extract. Chromatograms of sample extracts made on the column.
column bypass are shown in Figure 3. On the basis of absorbance measuremens
254 nm, approximately 50% of the organic material in the unchromatographed
tract is PAH. This procedure is not necessary for routine analyses, but is helpfu
elucidating the analytical situation in research samples.

8.4 Ffecb of So p
8.4.1 Urban particulates on glass fiber filters stored in the dark in an envelope for one yew

lost 32% of their benzo(a)pyrene. Losses of some other PAH ranged from 1-88%
(11.5).

3.4.2 Benzene-soluble extracts evaporated to dryness and stored in closed bottles in a refrig-
erator were stable (in terms of benzo(a)pyrene concentrations) for 4 years ( 1.6).

8,4.3 The ultrasonic extract is stable in the dark at room temperature for several days,
longer in the refrigerator. However, losses usually occur after about two weeks.

9. Calib los and Smdlans

The benzo(a)pyrene (BaP) standard is made in cyclohexane and is chromatographed when the
samples are run, and repeated whenever a parameter such as solvent lot is changed. Both standard
and samples are run at concentrations which do not overload the detector and give reproducible
results when diluted. For example, 0.4 pg BaP gave a peak area of about 2000 and fulfilled the
above criteria.
The standard is expressed in terms of peak area per microgram (PA/Ig). The unit of measure-
ment for the samples is corrected peak area per cubic meter of air (PA/m). The BaP equivalent
of the TpAH is calculated from these data (10.2). The standard is kept in the dark and is stable
for more than 30 days when refrigerated nights and weekends.

10. Csllsms

10.1 The peak area of the TpAH in a cubic meter of air is given by the equation

PA X A X BPA/rn' V x a x b|

where: P

PA - Peak area, corrected for the blank
V - Volume of air sampled in ms , corrected to 259C and 760 Torr
A - Area of whole glas fber Slter in cmt
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B - Volume of extract in ml
a - Area of glass fiber filter sample in cms

b - Volume of extract injected in ml

10.2 The concentration of the TpAH may be expressed in terms of their equivalent in benzo(s)-

pyrene.

PA/m' air (See Table 7)
TpAHug)/m$ air PA/,ug benzo(a)pyrene (See Table 1)

I 1II II K

S $ I Se O
"K. rooms

FIGURE 3. Cbromniograms of utrmooc ad Soxldet extrnc of compodled sample No. 1, Table 6
ad blanks, throug the colum- (A) md thro e colusaim bypum (B). Steomi.. pham,
Cormil 1; elut, cyclobexame flow ,se, 1.6 mi/r]. Solid Ban we u.trmodic exgUsc;
broken lines are Soxhlet extracts. Extracts were diluted x 3.3 for column bypm.

TABLE 7
Analysis of Particulate Samples

TpAWr
Comedi no Ahr PA11e (Pawin

Dalpdsu Pak Ame Uaph AW Ak
Urban 1 1200 1500 1120 0.211
Urban II 620 1500 580 0.109
Urban 111 545 1500 509 0.096
Mt. Storm 0 1673 0 0.000

'See Calculations-Section 10.1. 'See Caiculatioa.--Sction 10.2.
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APPENDIX B

CONTINUOUS AIR MONITORING DATA
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NOTES ON CONTINUOUS AIR MONITORING DATA

FIELD DATA REDUCTION

During the testing, the Apple computer took about 45 readings per minute

from each of the eight instruments (SO2, CO, CO2 9 THC, NOx , and two air

channels). Approximately 5 million individual readings were taken during the

period from November 29 through December 15, 1983:

* 2 days of background data
* 9 forklift tests
o 6 warehousing tests
° 1 stationary forklift test
o 9 overnight periods following tests

The sampling covered approximately 110 hours of tests and 130 hours of back-

ground and overnight readings.

At the end of each minute of sampling, an arithmetic average was calcu-

lated of the readings for each channel. At the end of each sampling period

(5 or 15 minutes), these averages were written as a subfile onto the data

disk.

A single sequential text file was created for each hour's data at each

sampling location. Therefore, a single-hour file might contain as many as 12

individual sampling period subfiles (in the case of a 5-minute cycle and only

one location) or as few as I sampling period subfile (in the case of a 15-

minute cycle with four locations). Each subfile begins with the first minute

of the sampling period (e.g., 5, 10, 15, etc.). This is followed by an 8 x

SP matrix containing the 1-minute averages (where SP is the length of the

sampling period). A 15-minute sampling period therefore contains 120 entries

after the starting minute figure. An entry of -999 was used whenever an

instrument was off line.

CALCULATION OF AVERAGE READINGS

The field sampling sequence operated on either a 5-minute cycle (during

tests) or a 15-minute cycle (during overnight runs). At the end of each

B-2
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cycle, the sampling location was switched to the next location in the se-

quence. Although individual 1-minute readings were stored on the data disks

to simplify the data analysis, it was desirable to calculate averages for the

entire sampling period of each instrument. Because of the slow response time

of some instruments, the first few minutes of data recorded after a switch in

location could not always be considered valid. The following 1-minute read-

ings were therefore averaged to come up with the overall average for the two

types of sampling periods:

Minutes averaged

Channel 5-minute cycle 15-minute cycle

so2 4-5 4-15

CO 2-5 2-15

CO2  2-5 2-15

THC 2-5 2-15

NO 3-5 3-15

NOx  3-5 3-15

Air 1 1-5 1-15

Air 2 1-5 1-15

ZERO-DRIFT CORRECTIONS

During operation, continuous monitors experience a slight drift in their

zero response. This drift is detected from the output of each instrument's

backup strip-chart recorder. The zero drift experienced during the tests was

negligable (less than 5 percent of the average reading) for all instruments

except the one used to detect sulfur dioxide. The sulfur dioxide data pre-

sented in this Appendix represent the raw uncorrected data. The information

presented in the body of text (i.e., the tabular or graphic results) has been

corrected for zero drift.

DATA TABLE DESCRIPTION

The continuous monitoring data are presented for each vehicle test (by

sampling location) for sulfur dioxide, carbon monoxide, carbon dioxide, total

hydrocarbons, nitric oxide, and oxides of nitrogen. The recorded air veloci-

ties detected at each ventilation duct are also presented.

B-3
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Figure B-I is useful for comparison of the results in the appendix

tables with summaries in the body of the text. The schedule of the test

operations is presented in Table B-I.

TABLE B-i. SCHEDULE OF TEST OPERATIONS

Test Date Operation/Truck Magazine

11/29/83 Day 1 Unload with Truck No. I (Still/Deutz F3L912W) A
Load with Truck No. 3 (Baker/Deutz F3L912W) B

11/30/83 Day 2 Unload with Truck No. 3 B
Load with Truck No. 1 A

12/1/83 Day 3 Unload with Truck No. 1 A
Load with Truck No. 3 b

12/2/83 Day 4 Unload with Truck No. 3 B
Load with Truck No. I A

12/5/83 Day 5 Unload with Truck No. I A
Load with Truck No. 3 (Using high sulfur fuel) B

12/6/83 Day 6 Unload with Truck No. 2 (Hyster/Perkins 4.2032) B
Load with Truck No. 4 (Hyster/Perkins 4.154) A

12/7/83 Day 7 Unload with Truck No. 2 A
Load with Truck No. 4 B

12/8/83 Day 8 Unload with Truck No. 2 B
Load with Truck No. 4 (Using high sulfur fuel) A

12/9/83 Day 9 Unload with Truck No. 3 (Using high sulfur fuel) A
Load with Truck No. I B

2 hrs 4 hrs
12/13/83 Day 10 Warehousing with Truck No. I BT T

Warehousing with Truck No. 2 A A

4 hrs 4 hrs
12/14/83 Day 11 Warehousing with Truck No. I T

Warehousing with Truck No. 2 A B

3 hrs 3 hrs
12/15/83 Day 12 Warehousing with Truck No. I --A- --

Warehousing with Truck No. 2 B A
(Both trucks using high sulfur fuel)

NOTE: The primary diesel fuel used is Phillips D-2 Diesel Control Fuel Lot
C-929 (.4% sulfur). The high sulfur diesel fuel used is a referee
grade diesel fuel conforming to MIL-F-46162B (1.02% sulfur).
Warehousing tests were conducted with each magazine half full of
storage. The trucks moved the load continuously in the front half of
the magazine.

B-4

- _ _ __... ._



STRADLEY A EQUIPMENT STRADLEY 8
TRAILER

2. I SAMPLE l SAMPLE

POINTS POINTS

SAMPLING
DESCRIPTION LOCATIONS

FORWARD SAMPLING POINT IN I
MAGAZINE A

REAR SAMPLING POINT IN 2
MAGAZINE A

FOREWARD SAMPLING POINT 3
IN MAGAZINE B

REAR SAMPLING POINT IN 4
MAGAZINE B

VENTILATION DUCT IN AIR I (IN LINEAR
MAGAZINE A FEET PER MINUTE)

VENTILATION DUCT IN AIR 2 (IN LINEAR
MAGAZINE B FEET PER MINUTE)

Figure B-i Location of sampling points, magazines, and

equipment trailer.
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PEDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIrT STUDY

Looation. ONE
Test Description: TEST ONE

oate: NOVEMBER 2o, 1103

*ammmmmsmmummmmmmummmmmmugmusmmmmugmuesuaummmmuuuuugmg 4m

Elapsed s02 CO CoZ TNC NO NOR AM3 A1Z

Time Tin* (PS) (PPM) (PPm) (PPm) (PPS) (FPS)
--- .------- ----.... --- - -o ------------------------------------------------

3.10 20 23 2 4 53.3 5i 15 is 052 111

6.25 25 51 1.5 662 7 .6 36 600 1027 623
0 45 55 21 2 3 702.7 5.2 313 253 l0s 64

10.05 75 26 2 2 656.0 7.3 so g0 1471 748

10 25 35 23 2 3 732 4 6 1 1 1760 324
10 45 115 33 2.6 152.1 5.7 23 273 1242 716

11 05 135 35 2 2 3 1 6 7 315 242 123 143

11.25 155 23 2.2 723 4 5 2 154 201 1302 o13
1i 45 175 56 2 5 641.5 7.2 439 515 1230 710
1z:05 135 63 1 7 723 2 7 7 600 le 1033 613

1:.25 215 83 1 7 713.7 7 1 503 561 1172 706

12.45 235 122 2.3 366 4 5.1 714 776 1143 750
13 05 255 301 2 2 678 5 S 7 1105 1403 1058 615

13.25 275 231 1 3 1174 6 7.2 1316 1266 1075 796
i3 45 Z35 253 3 3 1241 7 6 5 1042 1270 1036 651
14 05 315 149 2 0 1206 . 5.2 0 765 1053 11

14:25 335 43Z 2 6 1331 4 5.7 1446 149 1115 732
14 45 355 448 2 5 1134 4 7.6 1553 1603 1273 631
15 05 375 267 2.6 1164.1 6 3 1041 1173 1400 723
i51.5 335 563 1 1 1490.4 7.3 1737 1885 1264 756

15 45 415 52 2 6 112 .4 6.1 24 41 1140 700
i6 05 435 206 3 0 1343.5 6.0 123 017 1106 667
16 25 455 431 2 1 1323.5 6 0 1511 1743 356 537
16"4 475 416 3.4 1365.5 3.1 1337 1534 1060 695
17.0! 415 353 2 1 1331.6 5 5 1214 1225 1266 731
17 25 515 203 3 1 1047 6 6.5 602 1036 1246 @15

17.45 535 211 2.3 1123.5 6.0 764 #16 1142 774

i6 05 555 1s1 3 7 1147.0 7.0 739 603 1373 866
16:25 575 127 4 4 1221.3 6 3 512 567 1260 1055
11:45 535 etet ites eett 6eet sees eilt 677 1051

WUUUUUUlgUUUSlUlgUUUlltUUtUUUSlUU3UUSSUUttUlSUUUUUU.SSUiSUSUUUUUUUUUllUUB-6US

IJ

'B-6 •1

/!



PIDCO KNVINOOINTAL, INC.

ARMY DIZSSL FORKLIFT STUDY

Loctis: TWO
Toot Description TEST ONE

sts: NOVINIER 28, 113

*imaummummumaumuommammmmummaaaumuuauuummmmumuummmummmuum..m

Elapsed 102 CO coZ THC NO N0X AIR1 £IR
Tise Ti, tPPB) (PPM) (?PN) (?PH) (Ps) (Fps)
--------- 1--i-------io-----------------oi------------------------------------

9.30 40 16 1.1 1. 8 5 5 23s 243 3023 III
1.50 60 to 3.3 721.4 5.5 341 371 1187 766

10:10 s0 ZI 2 5 670.0 .1 a5 s0 1550 851
10.30 100 18 2.4 703 1 7.4 I8 71 1412 Its
;G so IZo 25 2 3 614.6 5 3 234 :63 1153 764
11:30 140 i1 2 1 812.2 1 3 442 471 1226 760
;i30 160 26 2.3 751.5 6,0 206 223 1158 822
11.50 180 s0 2 2 317.3 7.1 357 336 1060 616

12:10 200 40 2 5 1033.6 10.8 737 006 1234 117
12 30 20 28 2 6 631.5 5.8 S00 542 1075 697
12.5C 240 5% 2 S 160.3 6.1 630 670 1318 757
13:10 250 65 X.4 877.0 8.1 703 750 1243 706

13 30 280 67 2 2 1054.1 6.7 554 803 1261 805
13:50 300 72 3.0 1167 4 6 3 51 664 1127 667
14 10 320 70 3 2 1267.6 6 4 506 576 1523 873

14 30 340 111 3.0 1076 4 5.3 $35 350 1186 746
14:50 360 149 3 1 1003 6 7.4 368 1055 1252 653
15.10 360 185 3.1 1053.8 6.5 #35 It0 1163 723

15.3c 400 169 2.1 341.3 6.6 301 033 1228 759
15 50 420 128 4 4 1072.5 1 3 534 768 1150 141

16.10 440 342 3.0 i22.7 1 2 1241 1632 1145 720

16.30 460 502 2 I 1360.2 6.3 155 1638 1003 667
16 50 410 455 3-2 1334.5 5.5 1500 1513 1116 691
;7 10 $00 416 3.1 1136.1 7.2 1430 1532 1152 783

17 30 520 243 3 1 1155.6 7.6 1053 1253 1266 oil
17.50 540 251 2.6 1161.5 6.4 351 164 1154 720

13 10 560 245 4.1 1104.1 7 3 048 80l 1264 101
15.30 560 97 2.3 1087.5 6.6 306 260 1200 1031
8u 8mam aa USm mSUUUWU 333333333333 33i3K U3U333 3333383333333333minms 333333333 m3
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PEDCO ENVIRONMENTAL, INC

ARKY DIESEL fORKLIfT STUD!

Location THREE
Test Description- TEST ONE
Date- MOVE3E£R Is. I3

eumm.;.:rn:m mm ;..... S S;m .muramsmm uu a s..rnmug... s.; us am u.;. amms..;

Elapsed got CO c0l, THC No U01 AIPI AIRZ

Time Time (Fps) (PPM) (PPH) (PPM) (PP3) (PPF)

3 00 10 24 2t 6 11 4 5 3 5 3 list 734
:Z:0 t0 19 2 . 716.6 5.1 1622 1034 1060 750
3 33 45 195 3 0 734.4 4 5 1611 1969 1367 756
O 55 65 774 2 6 1164 1 6 0 2000 2000 126 715

IG 15 05 417 z 1 179 5 5 4 2000 2000 1310 640

10 35 105 311 Z.7 25 9 4 3 1943 1635 1241 723
10 55 125 445 2 1 641.1 5.4 2000 2000 1217 777

1- 1 145 436 2 5 1013 1 4 2 2000 2000 122 681
11.35 165 336 2 5 674.0 5 1 1900 1331 1Z06 61
1i 55 185 265 2 6 937 9 5 1 1736 1874 1060 707
12 15 205 405 1 1 1326 1 7 6 2000 2000 1100 651

i2 35 225 414 2,6 1050.2 6 0 1154 1000 1061 746
21 55 245 376 2.6 659.3 5 3 116 1900 1280 727

13 15 255 529 1 6 350.1 10.7 1633 1000 1051 576
13 35 265 351 3.4 1336 8 7 3 1917 2000 1106 615
13 55 305 266 3 0 1256 6 6 7 1762 1919 1140 662
14 15 325 350 3 0 1262.1 5 7 1855 1976 1344 754

14-35 345 313 3 1 1106.6 5 7 1984 1999 1071 674

14 55 315 272 2.3 109.6 7 3 1486 1793 1247 691
i5 is 385 286 2.1 1140.6 5.5 1517 1733 1241 675

i5 35 405 $1 3 0 10oz 6 7 1 253 311 1069 610
i5 55 425 258 3.8 1336 S 7 2 1444 16!2 1130 738
16 15 445 190 3 8 1065.6 7.7 114 194 1153 750

i6 35 465 173 3.3 1315 2 7.3 1451 1556 1223 568
16 5! 485 233 4 0 1201.7 8 5 1727 1739 1057 600

17 15 505 Is 3.4 1159 0 6.6 750 817 1071 736
17 35 5Z5 65 3 5 1161.5 7.0 762 651 1215 637

17.55 545 111 3 a 337 7 6.2 1038 1142 1015 624
18 15 565 60 3 4 1207.4 7.3 225 252 1329 864
13.35 565 43 3 0 1155.0 6.6 51 61 1324 1215

.-8
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PZDCO ENVIRONMENTAL, INC.
ARN DIESEL FORKLIrT STUDY

L.eetii3 YOUR
Test Desecriptien TEST ONE
Date: NOVEMBER 13, 1993

Elapsed Sol Co cot THC NO NOs A11R AIRZ
Time Time (Fps) (PPN) (PPm) (PPMH) (FFB) (PP)

----- e-----------------------------------------------------------------------

* 05 15 44 2 # 725.1 7.8 1714 1043 1167 624
3:40 50 337 2.4 93355 6.0 2000 2000 l11l 703

10.00 70 436 2 7 373 7 5.3 20D0 2000 1134 70
10 20 t0 431 2 5 337 6 4.6 2000 200 1331 616
10 40 110 403 t 4 337.0 5 1 2000 2000 1276 710

11 00 130 736 1 3 1043 2 5.7 2000 2000 1138 761

11 D ISO 453 2 0 004.6 6.7 2000 2000 1301 326
11.40 170 433 2.3 383 0 5.0 1373 2000 1337 657

100 1t0 300 2 7 372.0 6 1 1176 1364 1220 753
1z 20 210 266 1 6 340 7 5.3 1357 1371 1253 116
12 40 230 224 2.3 336.4 5 6 1670 1963 110 004

i3 O Z50 255 2.7 666. 12.6 180 2000 1141 659
13:2 o  Z70 277 215 1211 2 11.2 2000 2000 1214 727
13.40 to 131 3.1 1017.3 6.6 1363 1431 1018 653
14 0o 310 156 3.6 1288.3 6.4 1770 1302 1150 745
14 10 330 162 3 2 1222 2 6.6 1565 1666 1160 335
14 40 350 148 3 1 1226.5 3 3 1105 1329 1067 703
15 00 370 167 3.0 1037 1 a 1 1450 1527 It05 723
15 20 390 176 3.1 1047.3 4 6 1463 1776 1363 744
15 40 410 57 2 3 1)31 2 3 2 231 265 1036 670

16 00 430 126 4 1 116 0 6 5 1577 1676 1101 630
i6 10 450 107 3 7 1154 0 3.3 1322 1385 323 556
1 41 470 34 2 1419 3 1 5 1379 1470 1161 641
17.00 430 13 4 2 1403 1 6 5 1253 1327 1217 663

17:20 5i0 i3 3 6 123.6 4 M1 Go 1162 724
17 40 530 76 3 a 1162 1 8 5 342 1050 1203 670
16 00 550 67 3 0 1253.9 3 s M55 1205 761

i6 20 570 45 3 7 1033.5 8.7 201 220 1332 1022
1 40 530 35 3.5 631.6 1.4 37 43 1191 1016

/'

B-9

3MONO



FtCO ENVIRONMENTAL. INC.

LocatiSon 
ONE 

ARMY DIEEL 
FORKLIFT STUDY

Test Description: TEST TWO
Date. NOVENER 30, 1113

*bUooUU3S33UUUUUUU3U3333U3UUSC3UU3USUUS3UUUUU3UUUUU3UUSUUUUUUSUOUUSUUUUUSUU3U

Elapsed S02 CO COZ THC NO N0 A131 AINZ

Time Tzme (PP) (PPM) (PPM) (PPM) (Fps) (Fp)

0:35 15 222 1.1 644.3 16.7 1652 1626 515 37

: 55 35 104 1.0 766.1 17.4 $is 725 646 464

3 15 55 542 1.7 661 4 17.2 161 1923 535 379

* 35 75 458 2.3 766 4 17.4 1300 1163 s6 471

3.55 35 344 1.5 735.3 15.6 1762 1353 460 471

10 15 115 315 1.4 626.3 16 1 1515 1560 542 433

10 35 135 438 1 3 644 0 16 7 1756 1653 531 445

i0 55 155 553 1.1 736 1 18.6 110 1667 563 449

11 ;5 175 638 1.3 647.6 15 0 1864 1342 521 739
11 35 195 330 1.2 601.6 Is 5 1363 1337 460 326

11 55 2;5 276 1 3 501.0 14 6 1111 1221 480 319

1i i5 235 355 1.2 418.4 seat 1440 1526 520 421

i2 35 255 531 1.0 555.3 to** 1661 1667 465 373
.2 55 275 766 1 2 636 3 ease loii 162 1 341

i3 ;5 215 733 1.3 545.4 6 6 1032 1331 386 1

13 35 315 443 1 6 413.4 6.7 1767 1312 1 373

13 55 335 162 1.0 336.3 6 4 *gtt stok 1 1

14 15 355 153 1 0 250 2 6 3 s08 #33 723 146

14 35 375 32 1.0 275.1 V7 441 496 1 1

i4 '5 395 110 1.1 310 5 6.7 785 652 sts tilt

15 ;5 415 123 0.3 245.5 7 1 646 309 att3 9a It

15.35 435 75 0 3 101.2 7 5 '''t tls 377 375

15.45 445 ease 33tt 0i33 3t30 t1*3 3tt3 3*33 titt

16"05 465 62 0 6 282.3 6.9 t3tt ease 364 401

16 25 4E5 34 0.8 265.3 7 4 ease as** 7!4 540
11 35 495 24 1 0 207.5 146.3 0 0 1040 1730

16 3! SiS 32 1 3 170.7 147.1 19 26 671 768
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FEDCO KNVIRONMENTAL. INC.
ANY DIESEL FORKLIFT STUDY

Location: TWO
Test Description TEST TWO

Date: NOVEMER 30, 1183

Elapsed So CO COl THC NO NOx UI AIR2

Time Time (Fps) (PPM) (PPM) (PPm) (FpP) (PPS)

a 20 0 23 0 7 612.5 11 0 4 4 432 345

1.40 z0 171 1.4 570.1 15 5 1043 123? 575 403

0 40 416 1 4 021.7 17.7 1452 1583 SaO 368

3 20 60 742 1.6 1221.5 13.0 1349 197 611 471

1 40 s0 760 1.3 1065.6 1.1 1171 1330 615 435

10 00 100 364 1.2 533.5 17.2 1530 1663 531 149

10 .1 1C 0 437 1 3 750.z 15.0 140 1500 537 42Z

10 40 140 400 1.1 66.3 I . 1517 1736 563 434

Ii 00 160 541 1 3 637.5 16.1 1925 1343 50 376

11.20 110 339 1.3 536.0 15.3 1822 36s 559 415

11 4C 200 273 1.4 $45.3 15.9 1632 1752 553 4'C

z100 z20 153 1.2 418.3 17 2 046 053 512 392

12 20 240 140 1.1 402.0 *tto 534 176 492 407

12.40 260 125 1 4 357.4 *20t 1147 1266 474 382

13:00 zo0 194 1.4 493.3 *$is 1514 1631 1 261

13.20 300 179 1.5 424 1 5.5 1555 1731 34 50
13.4C 320 13i 1.4 497.5 6.6 1431 1488 1 263

14 00 340 108 1.1 241 0 S 3 130 053 1 1

14 20 360 as 0 8 372 2 6.4 767 124 1 201
14:40 300 55 0 3 230.6 6.5 25 %t0 I 1

15,00 400 88 1 1 290.7 6' 732 713 **as **a*

15 Z0 420 06 1.0 321.6 7.7 020 is8 a*** go*e

15 40 44C 64 0 3 272 7 7 4 **me 9*t 413 418
i5 50 450 55 1.0 237.3 7.3 tot* **so 324 355

16 10 470 45 0 3 185.7 7.4 RA*t *1** 331 333

i 30 490 36 0 3 335.7 5.0 go** *ttI 355 763
16 4C 500 also 0 a 155.1 135.0 vttt 0222 1557 1995

17 00 520 'ilt 1 3 364 4 152 3 Sto too* 550 642
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PIDCO ENVIRONMENTAL. INC

ARMY DIESEL FORKLIFT STUDY

Location. THREE

Test Description, TEST TvO
Date: NOVEHBER 30. 1163

*UmmmmUmimmmummUmm mmummmmmmmmmmm.mmmmmmmmumm.m.mmmmammmwmu

Elapsed Sot Co COZ THC NO NOR AIRI AIR?
Time Time (PP) (PPM) (PPm) (PPm) (PPS) (PPs)

a Z5 5 zz 0 6 710.3 13 4 9 6 465 316
8 45 25 23 1.0 636.4 16 4 06 103 536 36

* 0S 45 Z4 0 . 634 1 18. W17 200 532 423

9 15 65 36 1 1 771 7 17 6 671 634 614 436

3 45 05 30 1.3 720.0 16.5 632 916 640 531

10 05 105 27 0 3 621.6 17 3 373 410 513 391

I 25 ZCs 39 1 3 609.9 18.3 16 127 531 411
10 45 145 73 1 3 5 5.4 16.4 11 3 1396 526 436

12 a5 25 31 1 2 431.4 17.5 1428 1450 474 346

12 25 165 294 1 3 3Z47. 3B31 11572 1661 460 360
11 45 ZC5 :42 1 5 6Z5.1 16.5 1816 1970 347 366

ji-o 12 5 193 1 2 6Z6.1 16.8 1190 1913 435 435

1 z 15 245 361 1 .6 491S . tttit 1914 1577 454 360
12 45 i65 214 1.2 474.3 tttt 1316 1419 380 375

13 05 265 475 1 7 443.8 1mit 1136 1997 1 1
13.25 305 436 1 6 422 5 7 6 1656 197 211 63
13 45 3.5 395 1 6 421.0 6 8 1390 1937 1 269
14.05 345 537 1 7 609 5 6 6 13i6 1117 1 1

14.25 365 453 1 5 447.2 6.6 1390 1397 174 203

14 45 365 409 1.3 435 4 6 1 1671 1676 tvtt 1ttt

15 a. 40. 464 1 6 331.6 7 4 1938 1397 tt mi*t

15 25 425 499 1 5 332.6 8 4 1998 1997 3i6 320
15 55 4!5 356 1 3 379 7 7-4 stal Rte 421 443
16 15 415 sik 1 3 442 7 3.4 tit' tai 314 268
16 45 505 *tt. iii sil 5iss ate, ait ta,, tiaa

B-12
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IDCO ENVRRONMEWTAL, INC
ARMY DIESEL fORKLIrT STUDY

Location. FOUR
Test Description TEST TWO
Date NOVEMBER 30, 1663

Elapsed sOZ CO C02 THC NO NOR Al1! A1Z

Time Time (PPs) (PM) (PPM) P) (PPs) (Fps)

3 30 10 27 0 3 760 15.3 22 24 503 326
6 50 30 21 0 3 133 7 18.4 165 152 1 404

3 10 50 23 1 4 607 6 16 6 503 546 564 423
1 30 10 31 1 1 104 3 16 7 531 563 17 446

* 50 t0 31 1.3 739 5 15 8 460 509 509 536
10 IC 110 Z7 1 2 673 6 15 9 348 533 570 419

10 30 130 36 1 6 682 3 17 8 743 713 546 411
10 50 150 37 1 4 642 7 17 5 067 1018 536 08

11 10 170 47 1 2 613 2 16 7 1131 1189 540 424

11 30 190 63 1 4 779 6 17 0 1295 1361 503 243
12"!0 Z10 71 1 4 473 0 13 5 1461 1546 507 343

ii 10 23^ 74 1.5 492 5 2900 1459 1542 468 394

12 30 230 115 1 6 501 6 t*tt 1699 1627 501 402
;2:50 170 65 1 2 565 5 lost 1123 1160 1 313

13.1C 230 122 1.5 428 7 sees 1520 1567 1 1
13 30 310 161 1 4 526.2 6 S 1646 1735 1 2Z1

13 50 330 263 1 6 521.8 6.9 1737 1833 so 1
.4 IC 350 306 1.5 35 0 6 6 1998 1997 35 2z

14 30 370 355 1.6 417.3 7 1 1970 1397 2 41
14 50 390 384 1 5 395.2 7.2 1356 117 tttt tt*t

15:10 410 517 1.6 SZ5 7 6 0 16s6 1397 $$tt tot

15 3C 430 617 1.7 459.6 3 2 ttet tttt 33Z 300
i5 0G 460 4CZ 1 4 403.7 7.4 96.t fAt 376 375
I; 2C 480 io7 0.3 341.1 a 0 atst *t*t 371 388

16.5-0 510 Z5 0 7 314 0 144.5 1 617 754
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PEDCO ENVIROMMENTAL, INC

ARMY DIESEL FORKLIFT STUDY

Leocatio ONE

Test Descriptien TEST THREE
Dat* DECEMBER 1, 191)

Elapsed OZ CO COt TNC NO NOt AIRI AIRi
Time Tine (FP1) (rFp) (PPM) (PPm) (Fps) (FPS)

-- - - - - - - - - - ------.. .----...-------- . . .--------...-----------------------.- . . . -. . .. . o -.- - -

1.00 -5 t0 0 6 326 S 6.6 0 1 743 431
6.20 is 26 0 1 1074 6 6.7 21 is %t0 262
* 40 35 31 0.6 1252.0 7.1 468 554 271 267

* 00 55 3z 1.1 1167 0 6 z 310 340 231 248
3 to 75 46 1 0 1122.3 3 1 577 633 256 254
* 40 3 71 1 6 1032.1 7.7 640 149 264 290
0 oC 115 52 0.3 1146.5 7 5 405 436 233 247

10 20 135 as I. 1440.2 7.2 540 623 213 267
I0 4C 155 137 1 Z 1451.8 7.3 723 615 213 256
il 00 175 165 I. 1464.6 7.1 zz 1056 266 270
1.2C 165 223 1.1 1457.0 7.2 1152 1003 133 214
il 40 i1s 430 1 4 1641.6 7.5 1742 136 221 234
1; 00 235 364 1.3 1671.3 6.3 1531 1670 220 259
i2 to 255 134 I.z 1345.7 7 0 513 600 213 241
1.:25 260 348 1 1 1531 . 7 1 1354 1706 273 370
12-45 280 126 1.1 1456.2 6.9 444 540 131 296
13 Q! 30C 31 1.4 1576 4 7 4 1657 1355 239 314
13 Z5 3z0 386 1.4 1545.1 7.0 2015 1368 223 243
13:45 340 308 1.5 1531.0 6.6 Z157 16 226 223
i, 05 360 413 1 5 1631.3 6.7 1778 2064 205 263

14 ;3 3860 324 1 5 1655.7 6.6 1387 1662 213 269
14 45 400 173 1 z 1501 . 7 0 753 0o 150 113
;5 05 4ZC 33i 1 5 1653.2 7.7 1765 1894 133 139

5 25 440 438 1 .4 161 .0 7.5 1365 2155 203 237
15.45 460 365 1.5 1805.8 7.5 1566 1693 171 206
16 05 480 306 1.4 17Z4.3 7.0 1400 1551 206 215
16 25 500 37 1 2 15381 . 6 . 62 784 210 10C
16 45 520 33 1 2 1720. 0 7.2 511 573 136 16s

B-14



PEICO ENVIROIOIENTAL. INC

ARMY DIESEL FORKLIFT STUDY

Location: TWO
Test Description TEST THREE

Date: DECEMBER 1. 1133

Elapsed 2O2 CO Col THC NO Nos £131 AlR2
Time Time (PPI) (PPH) (PPm) (PPM) (PP) (PP.)

1 05 0 is 1.2 1013.6 6.3 0 1 531 Sig
8.25 2o 2i 6.3 1000.0 7.3 56 3 213 301
* 45 40 :S 1.1 1123.4 3.8 3 31 577 244 23

* 03 10 26 1.0 1153 3 10.4 206 217 272 263

1 25 so 26 1.3 1201 1 10.2 725 719 23 265
3 45 100 31 1.5 130.5 .0 704 713 255 267

IC 05 120 33 1 4 1171.4 6.3 500 $46 lo 257
O i5 14C 43 1.1 1263.3 3.0 573 638 171 245
io.45 16 59 1 1 1512.3 7.8 577 63 214 266
1105 ISO 63 1 1 143.2 7 .4 173 743 218 243
1. 25 ZOO 69 1.2 1333.4 7.2 672 735 133 240
11 45 220 62 1.1 1332.6 7 1 141 936 220 255

11 05 240 Be 1.0 1330.2 6.7 160 337 13 2 270
;i30 215 36 1.1 1360.4 7.2 755 036 246 311
1.lO 265 5o 1.0 1234.3 6.3 126 150 15 307
13 10 305 153 1.1 1477.7 7 0 164 1161 237 346
is 30 315 217 1.2 1553.0 1.0 1248 1423 133 223
il SO 345 269 6 Z 162.3 6.3 1407 1373 2o 202
14:10 265 256 1.4 1720.0 6.0 1652 2122 223 56

i4 30 365 276 1.4 1633.4 6.6 1337 1371 136 11
14.50 404 273 1.4 1669 O 7.5 1236 1327 217 242
15-10 4.5 447 1.3 122.5 1.6 1943 1317 176 206
15:30 443 364 1.5 1734.4 7.7 1435 1676 111 222
15 .so 465 357 1. 3 1642 7 7.4 1712 1459 113 183

is 10 413 165 1.2 1765.1 7.1 I23 962 li 236
16 30 505 23 0.3 1452.0 5.3 1 0 104 1i

16 so 5 5 t **s 0*0t i lt **to Itt* Ba , tie
maaaaliaiimialamtmmmimimiimmamtmaamsimmimumm...aitilalmimmaaiaaaiau maBiaU15U

I
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PKDCO 9NVINONNENTAL. INC.

ARMY DIESEL fORKLIfT STUDY

Leeatloi TKREE
Test Demoription. TEST TNRZE
Date: DICEMBER 1. 113

Elapsed Sol Co COt THC NO NOR Ati5 AIR1

Time Tzae (PPs) (PPM) (PPm) (PPM) (PPs) (Ps)
-------------------------------------------------------------------------------------

1 10 5 306 1 6 1521.l 7.0 i3l5 4706 317 t00

* 30 i5 575 1.4 1566.1 3 0 431Z 4077 295 273

* 50 45 526 1.6 1532 3 7.0 8332 4261 243 153

6:10 65 360 1.6 1431.1 11.2 M363 3325 161 263

* 30 35 457 1.5 1533 4 10 2 3514 2250 266 263

6.50 105 352 1 6 1357.1 9 8 3076 3256 251 262

10 10 1Z5 363 1.6 1377.2 6.0 2707 2821 213 233

10 30 145 657 1.7 1663 6 9 1 4313 5166 134 22s

10.50 165 536 1.7 1636.1 6.6 3741 4773 137 271

11 10 135 704 1.6 1352 2 864 4574 5422 191 21

1130 205 700 1.7 1670.8 7.3 5187 5013 212 231

11:50 225 704 1.5 103. 7.8 4347 5220 166 242

12.10 245 333 1 5 1626.1 7.2 4243 4119 238 266

1235 270 405 1 5 1646.3 7.7 3664 3732 264 273

12 55 IO0 51 0.6 1263.6 7.0 57 65 216 267

13.15 310 325 1.3 1644.4 7 , 2521 2732 263 311

J5 35 33C 264 1 3 1728 .1 7.2 2444 2485 2oo 247

13 55 350 l02 1.4 1701 4 7. 1 2021 2152 176 221

14 15 370 358 1 5 1703.0 7.1 2754 3097 26 Z60

14 35 330 173 1.3 1120.1 7.2 1335 2011 200 241

14 55 410 16 1.2 1663 1 7 4 1275 1357 220 240

15.15 430 25 1.2 1601.0 7.5 2363 2036 204 130

15 35 450 16t 1 3 1611.5 7.3 2382 2353 217 218

15 55 470 75 1 0 1673. 7.0 331 1016 16 214

16 15 490 40 1.1 1513, 7.0 121 155 176 207

i6.35 510 21 1.0 1388 8 2 1 1 1 206 205

-1
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FIDCO INVIRONMKNTAL, INC

ARNY DI95L FORKLIFT ITUDY

Location FOUR
Test Description TEST THEI[
Date. DhCLWME 1. 1163

Im. ammm . u~mummaaauualmmlmglmulma..u...aluaaumlmmmmm..u.mm.

glapsed act CO CO THC NO NOt AiR1 £i12
Time Tie (Pro) (PPM) (PPM (PPm) (FPS) (Fp)

1.15 10 463 1 6 I5S 2 7.3 5643 6ll 263 266
6 35 50 414 1 , 1474 6 7 6 4231 4154 161 210
1 55 s0 574 1 2 1469 2 i 0 421 4516 121 244
1 15 70 456 1 6 143 0 6 7 5055 5505 235 241
, 35 t0 411 1 7 1464 0 6 6 4224 4070 21 2165

1 55 110 564 1 7 1453 6 V 7 1675 2166 111 262
10 15 130 336 1 6 1603 9 1 2 2444 2626 164 243
10 35 150 417 1 6 1536 5 6 1 5220 3501 210 125
10 55 170 391 1 .7 1711 3 6 1 3063 3613 218 241
11 15 110 247 1 6 1541 1 7 5 2624 243 163 241

11 35 210 171 1.6 1101.2 7 3 2310 2431 206 zoo
11 55 230 165 1 6 1501 6 7 5 2207 2333 111 273

j1 15 250 133 1 3 1363.5 7 3 1639 2036 235 260
1Z.40 275 116 1 4 1552 7 7. 1613 1165 217 227
13 00 205 55 0 1 1458.68 7 3 323 341 16 241
13.20 315 105 1.3 1609 5 7.1 1634 1934 292 333
13 40 335 I0Q 1 5 133.6 7.0 160 J156 218 287
14 00 3!5 106 1 5 1766.1 7.0 1124 1966 161 202
14 &0 375 109 1.4 1765.3 6 9 1813 1625 216 t1
14 40 395 16 1 2 116 7 7.2 1536 1624 176 246
i5 00 415 62 1 2 1730 5 7 3 1365 1470 194 236
15.20 435 61 1.2 1656.6 7 4 1510 1611 110 224
15 4C 455 126 1 5 1142 I 7.7 2326 2615 165 221
1; 00 475 6z 1 1 1573 1 7.1 614 343 152 200
16 2 435 41 1.1 1574 2 7.2 140 149 165 235
16 40 515 36 0 3 1611.4 7. 3 99 102 10 161

a

B-i
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FZDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location ONE
Test Description: TEST FOUR
Date. DECEMBER 2. lot3

Elapsed $02 CO COZ THC NO NOt Al13 AIR1
Time Time (PPs) (PPm) (PPM) (PPm) (PPs) (FpP)

1 10 -10 14 1.2 1 4 6.0 12 1s 121 142

6 30 10 110 1 a 6.4 6.3 1739 1313 123 137
3:50 30 406 1 6 14.7 6.0 130 toss 114 142
6 10 50 435 1.3 5.Z 6 9 26Z 2766 t6 114

63C 70 851 1.6 15 6 7.4 4165 4551 102 124
1:5 0 664 1.6 17.0 7.4 5135 5765 127 136

10 10 116 574 1 7 1 7 7.2 3130 3276 123 158
10 30 130 527 1 . 7 6 7.0 2674 2964 223 204

io 5 150 612 1 7 6.6 7 2 3056 2676 234 20
;1 10 170 747 1.7 21 5 7.2 3514 4524 223 201
11:3C 160 761 1.6 14.6 7.1 4076 4546 26 250
11 50 210 769 1.7 14 3 7.2 4014 5063 250 290

12:10 23C 778 1 7 6 2 7 1 3008 3640 176 1ll
11.30 L50 564 1.6 25.5 6.9 2611 2666 256 270
12,5c 270 397 1 6 12.4 6 7 1720 163 147 l1
13 10 26O 376 1 6 6.1 6 0 1763 2265 165 1f3

13.30 310 431 1.8 6.0 6 7 2369 2564 175 206
i3 50 330 216 1.6 7.4 6 9 1506 1744 161 152
i4,10 350 284 1.7 12.9 6 6 1506 1704 3212 366
1430 310 160 1 6 321 6.9 1323 1527 265 358
14 50 39C 1et . #o 6.6 1539 1491 288 343
i5.10 410 131 1 4 ati* 6 8 621 1010 333 331
15 32 430 101 1 6 ait 6 9 876 670 297 315
1s 50 450 219 1.7 ti 7 4 2119 2524 341 401
16 1 470 56 1.3 **as 7.4 271 303 260 33;

B1

II
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PIDCOD NVIROWMENTAL, INC

AIMY DISIL IORKLIFT STUDY

&oeetion TWO
Test Description: TEST FOUR
Sot: DECEMBER 2. less

Elapsed sot CO COt THC NO NOI A£31 AIRI
Time Time (PP) (PPM) (PPm) (PPm) (PP) (PPs)

1 15 -5 22 1 2 3.2 6.1 14 14 121 10o
1:35 15 471 2 0 2.3 6 1 23l1 1264 111 152
1 5 35 504 1 7 6,7 7.0 2546 3646 of 116

* 15 55 762 1.0 2.1 7 2 3321 2749 04 110
35 75 842 1 7 17.6 7.3 2329 4331 115 140

1 55 05 733 1 4 i.S 7.5 367 492Z 116 123

10 15 115 723 1.3 21 9 7.4 2117 2403 132 141
10 35 135 697 1 3 6.9 6 $837 2673 117 175

10 55 155 453 1 7 3 5 712 2240 2431 274 271
A1 15 175 362 1.6 4 0 6 3 2170 2243 270 260

11:3! 135 405 1.7 18.3 6 S 2641 2759 256 246
11 55 215 236 1.5 4.1 7.1 2026 2253 234 253
12 15 235 342 1 7 35.6 6 3 1874 2033 16t 173
12.35 255 372 1 7 12.I 6.7 2034 2322 115 196

12:55 275 30s 2 6 4 5 5.5 1345 1336 136 206
13 15 235 273 1 5 2.5 6.9 1323 1373 123 202

13 35 315 307 1.7 16 1 3 1337 211 174 206
13 55 335 306 1.7 13.5 7.0 1946 2196 235 278

14 15 355 115 1 5 12 4 6 6 130 1506 323 347
14 35 375 84 1.7 so* 6 3 1016 1031 304 364

14 55 315 38 1. *see 6 0 1034 1225 360 420
i5 15 415 160 1 7 *tte 6.8 14Z3 1570 253 273

15 35 435 5 1.5 at*t 7 0 634 753 270 413
15 53 455 66 1.6 to* 7 3 66 024 313 393
16 15 475 42 1.1 Its* 7 2 215 232 248 293

8-19



PEDCO ENVIRONNENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location THREE
Toot Desiription- TEST rOUR
DatE: DECEMBER 2. Joel

*amuummuamutmuuumuuuasmuuwmsumuauuaueimawsummumm..uuumuuuumgmuuuuagumimiu..mu

Elapaed Sol CO Cot TMC NO NOX Si11 AIlz

Tiae Tane (FPI) (rpm) (PPm) (rPM) (IFp) (FPS)

I0 -Do 2o 1 0 333.3 0~tt 1 1 123 145
3 20 0 is 1.4 6.0 5 3 14 15 112 146
6 40 20 20 1 3 0 0 6.5 139 156 111 134

I 0 40 164 1.1 11 i 7.1 2i3 3253 96 123
1 20 60 156 1 7 7.6 7.1 2135 1171 102 111
9 40 so 174 1.7 15 6 7.1 2550 2622 t3 IZZ

10 o: 100 223 1 3 i 4 7.4 2756 zo3s ISO 121
10 2C il0 374 1 3 10 0 7 4 4101 4413 170 125

;0 40 140 406 2 0 1.1 7 1 3547 379 242 21O
11 00 160 500 I 1 13 7 7.3 4Z77 466Z 233 223

11 20 130 351 Z.0 5 5 7.1 3273 3457 194 192
11 40 io0 549 2.0 16 4 7 3 4310 5366 48 231
1i O Zo 411 1.3 1 5 7 2 3076 3303 213 236
12 20 240 311 2.1 32 1 7 5 5237 545 203 230
12 40 260 763 2 1 13 I 7 4 6276 6633 176 13
;3 OC ;l 540 2 1 37 4 7 3 4103 4170 104 13
;3 2C 300 531 2 0 23.6 7 2 4219 4412 172 166

13 4C 320 447 z 1 1.4 7 4 3775 4103 146 145

14 0C 340 211 1 6 4 3 6 3 1653 132 249 295
14 20 360 577 1 3 13 5 7.1 4505 5274 273 306
14 4^ 380 566 2.1 eatn 7.2 4741 5433 354 412
15.00 400 394 2.1 ' 7 1 3658 3331 339 385

15:20 420 524 2.1 *a** 7.3 4293 4278 213 245
15.40 440 551 Z.Z too* 7.6 3332 4112 337 374

16 0: 46C 542 2.1 sees 7.3 3764 4083 255 378
iS 20 430 seat ill ecu att ia *ass *itm siat

B-20
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PEDCO ENVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Legation TOUR
Toot Description TEST TOUR

Date: DECEMDER 2. 1363

.......... ...... i .... ... ......... rn.... amammommmmmmmmmama ..... ...... m.m

Elapsed s0 CO COZ THC NO NOS &III him%

Time Tlue (Fps) (PPM) (PPM) (rPM) (FPs) (PP)
------------------------......--- o--------------------------------------n--

1 03 -15 20 1.0 5.7 10.3 14 17 10l 131

:15 5 22 1 1 33.4 6 3 15 17 100 134

1-45 25 29 1 3 12.6 6.3 162 154 115 123

I 05 45 126 2.2 20.6 7.0 2743 2932 g0 121

1 25 65 120 1 a 50 4 7 0 1041 3161 101 122

2 45 05 104 1 6 13.3 6.3 2173 226S 126 156

10 05 105 155 1 8 37.6 7 2 2377 2176 its 163

10 Z5 125 175 1 . 11.6 7.0 3144 2209 187 160

1045 145 266 2.0 20.2 7.2 3034 4030 226 233

11 05 165 236 2 1 24 6 7.3 3633 326 221 13

11.25 165 209 1.3 7 4 7.1 2730 3071 274 216

11.45 205 363 2.0 21.0 7 3 3625 3820 271 247

1::Cs 25 445 2.2 1.6 7 3 4113 4400 176 187

12:25 245 516 2.2 17.4 7.4 4943 5413 173 195

1=:45 Z5 460 2.3 3.2 7 1 4353 5038 135 221

3 05 It5 401 2 . 27 4 7.4 4392 4643 176 196

13 2! 305 478 2 1 27.1 7.2 4047 4600 103 114

13 45 325 146 1 7 25.6 7.1 13064 1532 201 161

14:05 345 246 1 6 44 6 6 0 1340 2044 213 346

14:25 365 652 Z.3 40.2 7 3 5377 5333 236 361

14 45 305 575 2 1 ato 7.3 4875 5830 343 371

;5.05 405 177 1 0 to** 7.0 Z003 1333 267 310

15 15 425 351 1 9 tart 7.5 4173 4403 220 261

15-45 445 637 2.5 *ttt 7 1 4551 4777 313 395

16 05 465 647 2 1 ties 7.9 4612 4736 313 382

/
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PEDCO KNVIXON9MNTAL, INC
ARMY DIESEL FORKLIFT STUDY

Leestlon: ONE

Test Desecription. TEST FIVE

Date: DECEMBER 5. 13

*mma..mm ... UU E mmmmma UUmammmmmomommmmtmma.m.. a...am m.. m.mum mmma.mm

Elapsed 5o CO COZ THC NO NOt hIlI AIR2

Time Tim. (FPF) (PPM) (PPm) (PPM) (Pro) (Fp)

I 15 0 to 0 3 sees got* 7 2 2Z7 146

0 25 20 40 1.1 a*** 7 5 154 317 203 276
3 55 40 70 1.3 to** 7.7 1152 1231 1176 0Z
3.15 60 123 1 7 aIte 7.7 1541 1762 243 234

1 35 30 1Z4 1.6 309 5 7 3 1211 1370 204 234
55 100 113 1.3 709. 14.2 1022 1117 244 270

10 .1 120 35 1.5 7017 3.5 751 147 32 284

10 35 140 1619 1 6 631 6 7.7 1107 1248 220 237

10 55 160 325 2.1 710.0 7.8 1301 2161 243 232
11 15 180 231 1 7 751 0 7.4 2057 1373 231 273

1135 100 311 22 134.2 7.8 2001 2337 245 282

11.55 220 424 I ' 745.7 8.0 2245 2521 134 339
12 15 240 407 2 0 o66.3 7.3 1355 2156 297 273
12 25 250 460 1 8353.4 7 6 2535 2310 354 369

12 55 230 420 1.3 773.1 7.8 1331 2007 422 490
13 15 300 290 1 7 725.5 7.3 1750 2043 30 )26

1335 320 456 1 3 713.5 7 6 2123 2200 310 347

13 55 340 474 1.3 815.3 7 5 2108 Z260 333 351

14 15 360 431 1.3 731.6 7 7 2142 292 30 443
14:35 363 201 I 6 64Z 7 7 7 1553 1377 232 326

14 55 400 367 1.7 611.3 7 5 1612 1027 270 447

15:15 420 359 1.5 619.7 7.4 1623 1327 261 432
1535 440 398 1 7 753.1 7.2 2038 2262 351 231
;5 55 460 341 1 6 665 2 7.2 196 2338 231 250

m~ammma~mmm m m.maamam mm mmmammammmmamsmmammmmmemmmmammmmam

i
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PEOCO 9NVIRONMEWTAL, INC

ARMY DIESEL FORKLIFT STUDY

Location TWO
Test DescriptJon- TEST FIVE

Date: DECEMBER 5. 1653

36333553 mmomeomm 3UUUUUmmueuamma mmnmemm ums.emmmcmu a mmmm meom U.S.

Elapsed 502 CO COZ THC NO NOX Ali AIR2
Time Tine (Fps) (PPm) (rPm) (PPm) (PPS) (PPs)

I00 -15 35 0.7 1912,4 a**$ 3 4 142 1#1
1 20 5 26 0.9 *stt 7 6 35 37 106 210
3 40 25 27 0 U *tt* 7.4 313 330 223 255
I 0O 45 38 1.2 to** 7.7 124 360 267 267
3 z0 65 41 I 5 2** 7.6 1134 1200 218 253
1 40 I5 49 1.3 744.0 6.0 382 1031 243 272

10 0 105 12 1.2 641 5 7 2 1061 1337 271 334
1100 165 54 V 6 615.5 7 8 143 10S 247 260

1>20 165 61 1.5 608.6 7 5 1016 1093 327 347
11 40 205 100 1.6 636.5 7.3 1166 1315 250 260
11:00 225 17 1 6 771.7 7.8 1137 1233 333 352

11:20 245 121 1 5 747 6 7 6 1143 1301 302 330
12:40 265 247 1 7 808.5 7.5 1714 1146 347 372
13 00 295 153 1.7 665.5 7.3 1007 1167 376 385
13 ZL 305 3i3 1.7 706.6 7 7 1636 1755 232 278
1 40 325 371 1 7 762 4 7 6 1903 Z243 366 376
14 00 345 474 1.1 720.4 7 7 2151 2676 265 331
14 2C 365 459 1 9 682 6 7.7 Z02 Z458 415 490
14 40 385 352 1 8 804.1 7 7 1391 2131 275 331
15.00 4C5 417 1.8 707.3 7 6 1zz Z244 356 465
15 2z 4Z5 367 1.6 582.7 7 2 1799 1776 362 381
15 4C 445 405 1 7 723.7 7 1 2080 2039 350 456
16 CC 465 182 1.2 549.5 7 2 1061 1337 271 334

/
B-23
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PEDCO ENVIRONMENTAL, INC.

ARMY DIESEL FONKLIFT STUDY

Location TXPEE
Test Description TEST FIVE
Date: DECEMBER 5. 1163

Elapsed 502 CO Cot THC NO NOI AIPI AIRZ

Time Time (PP) (PPm) (PPM) (PPM) (PS) (FP)

a 05 -10 34 0.6 1120 2 '''5 1 2 115 147

* 25 10 1517 1.6 goes 6.5 1565 7130 137 273

1 45 30 1417 2 1 at** 6 4 6273 6625 136 203

9 Cs 50 1365 1 1 '**a 6 5 5614 6340 226 262

9 :5 70 1668 1.l ast a 2 6366 6632 241 241

9 45 30 1439 1 3 1075.6 6 5 5431 6067 233 246

10 05 110 1450 2 2 1211 6 13 7 36 6264 231 267

10 Z5 130 1223 Z 0 343.5 1 1 5023 5563 294 312

10 45 ;50 1304 1 3 #31.$ 4 5542 50 214 262

11 05 170 1350 1.8 663 6 6.2 5842 5726 260 296

! 2 19C 1304 1 a 06.7 6 0 5571 5351 233 264

;1 45 00 1509 1.7 1003.5 6.2 5631 6162 277 20

1 0D5 230 1213 1 7 981,4 6 2 4222 5003 308 342

.2 Z5 Z50 115 1 7 113.6 7.0 4665 4053 347 323

;2 4! 270 616 1 4 669.3 7 6 2356 2400 363 374

i3 05 ISO 032 1 4 710 3 3 0 3244 3553 321 300

1s 2 310 904 1 4 777,1 7 6 3775 3904 235 227

1345 330 664 1.5 770.6 7.6 3024 3106 336 366

14 05 350 634 1.6 764 6 7 7 3372 3702 311 340

14 25 370 276 1 4 675,4 7 6 2301 2360 416 403

;4 45 310 753 16 740.9 7 3 4036 4141 173 242

i5 05 410 255 1.2 572 4 7.6 1267 2200 422 456

15 25 430 385 1 4 006.5 7.3 3726 3962 374 374

j5 45 45% 125 1.0 525.2 7.0 1325 1306 351 355
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PZDCO ENVIRONMENTAL. INC
ARMY DIESEL FORKLIFT STUDY

Loecaton: FOUR
Test Desc:ption: TEST FIVE

Date: DECEMBER 3. 133

ueaaaammmmmaaaaummmuuumum mmmmauummlamummmuamommummmmmmmmaumomm

Elapsed Sol CO COt THC NO NOx AIRI A22
Time Time (FpP) (PM) (Pim) (PPM) (PPs) (PPs)

a 1e -5 30 0 9 #20* sees 2 2 212 21
a 30 is 1160 2 0 sea* 3,4 6642 7192 10 233
1 30 3! 1321 1 7 It** .7 1533 897 137 207
9:10 55 1355 2 0 as** 3.5 5600 3134 257 267
9 30 75 1298 19 team 6.1 5237 5387 193 268
9 5C 35 1292 1.3 1059.2 3.3 5003 5205 Z03 217

10 10 115 1106 2 0 1038 7 11 4 4511 491 30Z 303
10 30 135 1197 1 S 1103 5 3 7 5203 5293 247 235

10 3 135 1081 2 0 323.9 1 2 4332 3Z44 204 221
11 10 175 1005 1 6 912.1 7 1 4535 4621 244 263
11 30 195 1071 1 8 335.3 8.1 4794 5103 245 239

11 50 215 1035 2 0 1019 7 4 1 4770 5034 228 210
12 C 235 752 1 1 890 6 8 0 3735 288 323 316
1Z.3C 255 1035 1 3 323.5 7.7 4662 4892 343 369

1: 50 275 567 1.7 772.O 3 0 3008 3139 331 365
is 10 295 755 1 5 68.6 7.3 3615 2363 226 S05
13:3C 315 722 i 7 7 3 7.1 3776 4071 244 253

13 50 335 460 1 6 91 3 7 7 3215 3391 357 324
14 10 355 257 1.8 732 1 7 8 3425 3577 357 419
14 30 315 562 1 4 750 0 7 6 349 358 330 358
1450 395 652 z 1 642.3 1 45396 4947 268 294
1510 415 233 1 5 763 0 7.7 3432 3672 356 366
15 31 435 344 1 3 633 3 7 4 3762 309 23 325
15 50 455 30 I 614 9 7.0 1141 1205 235 341

/
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P5DCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIIT STUDY

Leection ONE
Test Description: TEST II1
Date: DECEMBER 6, 103

aamammaom mm mmmma....mm. ummmm.m.mmammmaamoaomsao m aeeeeoeemmmm mm..

Elapsed s02 Co Cot THC NO 1O1 AIlI AJRZ
Time Time (Fps) (PPM) (PPM) (PPM) (FP1) (Fps)

6.15 -175 23 0 8 761 4 1 2 asat stas 621 770

6:25 -155 27 0.7 624.5 6 0 ast tata 655 733

1 55 -135 26 0 O 662.8 6 61 at*$ tet 533 oil
* 15 -115 26 0 7 564 8 6.0 took tttt 423 516
* 35 -95 31 0.3 776.5 6 3 4 5 407 390
655 -75 23 1 0 631.0 6 6 5 5 410 451

10 15 -55 29 0 8 707.8 6.5 5 5 326 38
10 35 -35 26 0 6 764.7 6.5 5 5 332 563
10 55 -15 25 0 7 757 0 6 4 4 4 462 640
11.15 5 166 1 1 373.6 7.0 1655 1766 426 632
11 35 25 230 2 4 1001.6 6 8 1496 1941 462 663
11 55 45 369 2.5 1053 .6 7 0 1400 2653 370 571
l15 65 151 1 4 636 2 6.6 761 0a 364 553
12 35 65 338 2 . 1053 6 6 1 2722 2952 37 565
1':55 105 437 2.6 928.3 7.0 2176 2276 418 585
13 15 125 343 2.1 1013,0 6 6 1660 1367 267 460
13 35 145 261 1 9 194.6 6 9 1253 1421 436 653

13 55 165 437 2.5 1011 1 7 0 2096 1360 268 455
14 15 185 630 3 1 1063.9 7.2 3313 3160 240 475

14 35 205 637 3.7 119.7 7.4 4658 4376 230 416
14 35 25 5 63 3 .0 1111J.4 7 .4 1863 33Z7 255 370

15 15 245 342 2.4 322.1 7.2 1763 1503 223 426
15.35 25 277 2 2 906.2 7 1 1319 1669 162 362
15 55 i65 357 2.6 313.1 7 5 2310 2025 111 263

16 15 305 503 3.3 354 3 7.6 2576 2335 167 295
16 35 225 116 2 1 308.0 7.5 1167 1347 176 175

16 55 345 163 2 0 641.4 7.5 1010 1260 168 212
17 15 365 30 1 6 742.2 7 5 462 514 226 249
17:35 265 33 1.4 628.1 7.5 513 622 167 226
17.55 405 97 1 2 631.3 7 6 473 546 166 213
13.15 425 661 2 6 1047.0 7.3 2610 341 162 163

16:35 445 77 0 3 765.3 7.6 224 147 116 113
Imaammaammammmmmmmmmmmmmammmammt~mtmm mmanetnmmmnmatmmmmismmmameemamB

B-26



PEDCO LNVIIONMRN1TAL. INC

ARMN DJES2L FORKLIrT STUDY

Lecation TWO
Test Description TRST $11

Date: DICEMNER 1. 113

mmm~mmmmmm.aamasommammaamemomamomommmmammmalmmmmmmamammemammammm

Elepset S0 CO COZ THC NO NO Alai £132
TIe TIs. (rpF) (PPM) (PPM) (PPM) (Pro) (PP)

I 00 -130 20 0 1 741 2 1 2 2 1 t02l 1676

6 to -110 it 0 7 749 6 6.1 to** *eta 13 t0
1 40 -150 it a I 662 6 6 1 t16t *sft 564 66
1 00 -130 26 8 6 7) 0 93 1 tit ts 217 537
1 2C -11C 24 0 U 704 0 6 0 3 5 416 426

6 40 -s0 26 0 6 156 0 6 3 3 5 427 451
10 O -70 21 1 5 $73 1 6 7 5 7 400 445

10 20 -50 14 0 6 734 a 6.4 4 7 409 444

10 40 -3C 25 0 7 760.5 6 5 4 4 453 660

11 Do -10 26 0 6 631 6 6 3 4 4 413 655
11 20 10 370 2 7 1010.5 7 3 2343 3707 352 537

11 40 30 243 2.4 102e 4 6.6 1706 2156 434 54
IlD 0 50 1125 4 4 1242 .0 7 5 5303 5500 406 633

1; z0 70 113 4 4 1395.6 7.4 5753 sits 10 51
1: 40 3 944 4 6 133.5 7.3 6265 804 364 539
13 00 110 653 3 1 1102 .0 7 1 1l0 45i5 400 556
13 ;0 230 419 2 3 140.1 6.8 111 2306 411 640

13 40 It0 447 2 2 361 6 6 9 1917 2331 415 616
14 00 170 753 3 5 111 6 7 4 2353 4733 112 366
14,20 Ise 339 2 1 1061 4 6.1 2372 1941 257 443

14 40 t1i 492 2 3 1154 1 7 1 3211 3330 24t 407
15 00 Z30 IS0 1 1 137 1 7 0 1460 1605 1356 261
15 lC 250 61 1 0 775 2 6 9 769 679 206 425
15 40 270 s0 1 7 133 1 7.2 643 #41 175 365

16 0a1 t0 34 2 1 643 8 7 2 1o1 1161 156 300
16 20 310 103 2 6 666 6 7 5 1471 1573 216 331

16 40 330 61 2 1 325 1 7 4 943 194 255 194
17 00 s0 73 1 2 306 0 7.3 768 133 16 220
17 T0 370 73 1 6 141.6 7 4 5IS $56 let 201
17 40 390 64 1 5 766.7 7.5 453 514 173 132
is 0 410 Is 1.4 717.6 7.3 441 477 215 231

13.to 410 64 1.4 I10 5 7 7 351 1005 l0 t03
15:40 450 so 1 3 716 5 7 4 2o 222 111 i66
mimmammam amtummuammaumttmamma..tmum. metumwmmm tum wmammmmm ~m mamas aB-mm7
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PEDCO INVIRONMENTAL. INC

ARMY DIESEL FORKLIFT STUDY

Location THREE

TOt Description TEST SI

Date: DECEMIER 6. 1103

**ammmma rmas..aommmmoa. mummm.a ... a mm mmamass,.mlass.... m ...... Ummmmm

Elapsed 20Z CO CO THC NO NOR AIR1 AIR2
Time Time (FFB) (PP) 4PP ) (FPh) (FP) (FPS)

1 05 -165 IS 0 l 783.6 1 3 fet *at* 2257 Z189

6.25 -165 21 1.0 760.4 6.0 tttt ease 613 736
6 45 -145 2Z 0.8 663.6 6 1 as'* 2*t0 702 604
9.05 -125 24 1.0 77Z 3 6.3 test Rttt 364 375
3 25 -105 26 0 9 741.6 6 2 5 6 415 428
V 45 -65 31 a 3 777 5 6 5 6 5 464 441

10 05 -65 30 1 0 762.2 6 5 5 5 424 415
10 Z5 -45 i5 0 6 720.3 6 7 6 3 360 401
10 45 -25 20 0 8 751.9 6 4 5 5 462 663
11 Cs -5 22 0 9 748 0 6 , 6 7 450 619
11 25 15 26 0 7 121.4 6 6 165 178 405 624
ia 45 35 30 1 2 907.6 6 8 530 567 400 574
12 03 55 30 1 2 680 7 6 9 665 1058 32 553
12 25 75 37 1 5 752 6 6 7 651 1044 343 505
IZ 45 35 52 1 8 S3Z 7 7.1 1512 1608 360 550
13 05 1.5 so 1 3 760 3 6 8 $t0 1116 431 539
13 25 135 36 1 1 785.4 6 S 260 324 393 623
13 45 155 65 1 4 091.6 7 1 1394 1649 38 567
14 05 17! 212 2.2 1001.5 7 6 3525 3954 244 477
,4 25 195 415 2 7 1006.7 7.7 5375 4966 217 445
14 45 21! 507 3 3 1019 2 8 0 5359 6295 Z71 499
;! 05 235 307 2 4 1097 S 7 7 3252 3415 10 326
15 25 255 190 1 3 334 9 7 4 111 2440 199 366
I5 45 Z75 332 2 6 355.1 7 3 3218 3613 173 311
16 05 295 464 3 0 94 5 8 0 4751 5452 153 270
46 25 315 339 2 2 892.3 7 S 3130 3761 206 326
16 45 335 433 2 6 329 0 6.0 4230 4744 1s W6
17 05 355 274 2.2 1001.1 6 0 2265 3366 212 2Z6

17 25 375 265 2 3 322 3 7.1 2317 2701 202 212
17 45 335 264 Z.3 360.1 1 0 221 307 146 247
1 05 415 374 2 4 336.3 8.3 3414 399 153 197
is 25 435 346 2.7 154 2 0 3 2705 3651 205 242
16.45 455 274 2 6 331.4 8 4 lost 3443 150 173
eaammammaa mmmamummwumnummmmmmamtsamnmmammsmmmmmammmmmmummammaBmm-2mu8

B-28



PEDCO ENVIONMENTAL, INC

ARMY DIESEL FORKLIFT STUDY

Location FOUP
Tost Deooription: TEST 52
Date: DECEMBER 6, 1663

*mmmmmmmUm .... aom...... as.. a am*m 3838 mmmmmm 3U3mm *3UmmmUmmmmmUUmmmmUUmUmm

hEpsed S02 CO cOt THC NO NOI &III AI2

Tim. T~ae (PPB) (PPM) (PPm) (PPm) (PP) (FPS)
-------------------.....----------------------------------------------------

6:10 -160 2e 0 3 761.1 6 3 goes sees 116 1670

1.20 -160 24 0. 617.3 6.3 sets 13 776

35:0 -140 30 1.0 721,4 6.2 as* ** 731 123

3:10 -120 27 1.3 173 5 3 202# tt 466 436
3 3C -100 to 0.6 762.3 6.4 5 7 443 461
9:50 -80 37 0.1 23 4 6.5 a 7 457 433

10 10 -60 32 0.3 774.6 6 5 7 6 413 440

10.30 -40 30 0 U 733.1 6.6 6 7 423 554
10 50 -20 i6 0.3 774.3 6-4 6 7 516 670
11 10 0 31 0.3 613.1 9.6 21 i6 432 701

11:30 21 1.0 713.3 5 s 133 155 332 599

11:50 40 23 1.2 119.1 6.7 493 546 306 550
12 10 60 34 1.6 765.2 6 U 1061 1133 423 609
12:30 s0 41 1.5 630.7 6 7 1246 1370 262 560

12 5 100 45 I 2 675 4 6 8 756 876 394 574

13.10 120 54 1.4 1113 3 3 193 112l 374 592
13.30 140 43 1.0 766 3 6.3 564 674 314 670
13.50 160 63 1 7 844.0 7.2 147 16539 385 565
14 10 ISO 3o 1 9 777.6 7.2 2446 2676 274 462

14 3C 2o0 111 1.7 908 3 ZZ56 2524 234 469

14 50 zlC 125 2 2 334 9 7.3 2532 2762 256 506
is 10 240 11 1 9 936 0 7 3 1620 1657 177 324

15 30 160 31 1.7 877.3 7.2 1371 1574 213 360
15 50 2o0 113 Z.Z 657.6 7.7 1708 1146 111 263

16 10 300 207 2 2 937 7 7.7 3186 3547 164 264
,6 30 320 317 2 4 903.4 6 0 3591 4010 175 160

16 50 340 470 3.1 6581 6.5 4610 6070 146 160
17 10 360 219 2.0 946.1 7.8 1966 2245 237 237
1730 380 162 1.7 666 4 6 1 1437 1535 164 227
17 50 400 3Z1 2 5 663 6 6.2 1775 3246 I06 244
16:16 420 345 2.4 1016.1 6 5 2683 4147 170 205
16.30 440 270 2.2 9d? & 1 2 2440 2571 193 210

16:50 460 53 0 7 48.6 2.4 3 2 132 163
mm ... mm..mmmmmmosonmom ommmm mmmmmum~muumam mnmu. mums mnmmmam .mm82
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PEDCO ENVIRONNENTAL. INC

APHY DIESEL FOPKLIFT STUDY

LocatJon ONE

Test Description TEST SEVEN

Sate: DECEMBER 7, 1163

amum~um ummmmaUSmmmummmmmsmmmmmmmmmmmmmmmmmmmmmmmmmmmUmUmm~mmuUUUmmmmUUm

Elaosod SOZ CO Cot THC NO NOt A1 AIR

Time Time (Fp1 (PPM) (PH) (PPM) (FP) (Fps)

a I 5 3C 0 3 710 6 6 4 43 31 Z56 226

6 30 25 31 1 0 738 6 1 1 so 62 232 207

1 50 45 39 1 3 774 1 6 1 178 206 237 170

I 10 65 36 1 0 692.4 7.6 43 55 223 136

3 30 85 36 1 3 733 1 74 133 163 233 111

9 S0 105 40 1 z 721 8 7 3 103 127 235 209

IC 10 125 41 1 5 755 3 10 3 162 z6 205 16i

;0 30 145 45 1 4 659.4 7.3 243 315 161 177

10 5 16! 105 1 7 721 7 7 3 1Z03 3e8 226 202

;i 'C Is 164 2 3 737 3 7 5 346 2233 212 111

1 31 Z05 :i1 2 4 *zz 5 7 4 2235 2526 223 ZC3

11 30 215 325 2 3 359.8 7 4 2221 2776 203 137

1: 1& 245 339 2 9 003 9 7 4 2733 2946 2jo 1396

1i 30 Z65 432 3.3 I23 7 7.7 34535 3601 203 137

iz 30 265 43: 3.2 920.2 3 2 3522 3519 169 114

13 10 305 558 3 3 373 a 3 6 4162 4679 155 176

13 30 31! 487 3 0 379 7 9.6 3550 4207 131 174

;3 se 345 1974 it 5 1349.4 14 6 3669 1661 171 187

14 IC 365 571 4 5 11.3 3 8 4103 4331 137 160

.4 30 393 39 2 3 769 1 3.2 2723 3113 174 205
;4 30 40! 512 3 I 1.9 2 10 0 2764 3455 154 155

A5 10 4L5 352 2 4 714.9 6.9 2072 2349 130 165

15 30 445 449 3 4 738 7 3itR 2357 4120 130 163

.! s0 455 40Z 3 3 676 3 0tte 2653 3277 159 174

i a 0 43 435 3 6 769 6 3't 277Z 3619 151 173

A6 25 500 471 3 7 70S.3 3 2 36D1 4210 147 16:
i6 45 520 577 4 0 645.0 5 3813 4445 153 161

a..... sums smsuu..smuuuuU.mS U sasmaug ma~gs~nssm..S u~s .m..m.amus8. .S3
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FEDCO KNVIRONMENTAL. INC
ARMY DIESEL FDOKLIFT STUDY

Leoction. TVO
Test Deocrption. TEST SEVEN
Date. DECEMIER 7. 13

*ssguulmmuaumsuaaasuuaummumsmmmsmmutiummmuuusmuiuuauamam~ma~tmmOtmm

Elapsed S2 Co Coz THC NO NO A33 AIUZ

Tze Time (Fp) (PPM) (?PH) (PPM) (Fp) (Fp)

7.55 -IC Z7 1 0 716 0 6 Z 14 13 271 207
5 15 l0 30 0 3 7I3 6 1 140 126 246 244

S 35 30 33 1.0 636.0 .9 246 269 250 201
6:55 50 3z 1 2 721.3 8 3 164 176 225 176
1 15 70 33 1 2 748 2 6 0 67 66 231 Z04
a 35 t0 34 1.5 773 7 7.6 156 177 216 192

* 55 110 33 1 9 766 3 7.5 166 165 254 213
i 5 130 43 1.5 774.3 9 3 236 264 211 199
10 35 150 3. 1 1 657.3 7.3 271 222 130 175

1 I5 170 36 1.4 745.1 7.0 103 343 121 Z11

;1 I i9C 48 1.1 765.3 7.1 Z76 311 226 211
;; 35 iia 49 1 5 666 6 6.1 515 567 227 207

;1 3. 236 55 1.6 725 3 6 6 458 527 200 167
1 250 5 1 4 720.6 6 1 462 566 137 10

11 35 z7c 72 1.6 617.4 7.0 512 565 162 111
;i 55 290 16 1 6 623 2 7 2 761 1043 362 194
13.15 310 296 2 3 7394 a 2 3954 3370 111 170
.3 35 '3D 262 2 5 741.4 6.6 1533 1713 143 174

13 5: 35C 1416 21.4 1266.6 1! 4 7363 6661 174 187

.4 15 370 5 S7 3 6 176.4 10 1 3694 5463 161 ISO
i4 3! 39: 714 4 7 910 3 10 7 5390 5532 128 176

A4 55 410 665 4 1 664.8 10 4 5299 5402 143 162

1I 15 433 355 2 . 662 4 ti*0 1963 2169 151 142
.5 35 450 531 3 4 744.Z $see 3520 4066 14S 155
15 55 47C 5&3 3 Z 76.8 tilt 3201 4260 153 163
1 ;5 430 571 3.6 112 9 *ts 3573 5135 157 174

if 3 503 550 3 8 539 0 9 0 3023 4102 137 149

16 sC 5;5 566 a 0 124.6 a 1 4047 4584 137 141

IB
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PEDCO ENVIRON ENTAL, INC.

ARMY DIESEL FORKLIFT STUDY

Location THREE
Test Description: TEST SEVEN
Dete: DECEMBER 7. 1183

*m i5553 sU Smanmsms asms.S BBBBUBs 5885 BBBS UB BBSSSBB *555 a5UaUmm mam

Elaped 102 CO CO2 THC No NOR AIRI AIR2

Time T ie (PPB) (PPM) (PPM) (PPM) (PPS) (FPB)

I 0: -5 46 0 1 675 3 6 2 So 74 Z64 206
6 20 1 546 2 3 1049.2 12.6 2637 3003 :51 215

6 40 35 400 2 3 303 3 14.1 1766 lo30 239 201
ScC 535 531 2 ,6 43.1 13 0 2563 2770 23) 131
6 2: 75 477 3.1 1011.0 11 . 2566 2144 Z24 203
9 40 95 479 2 9 1021 0 11 9 2615 2650 231 1t

1 Cc 115 536 3 0 1065.5 10 3 2577 3235 229 201
10 ZC 135 411 2.7 945 4 11.4 1633 1387 216 191

1040 155 464 z 6 934.0 9 1 t022 2365 213 113
IA 00 115 52 2 3 1033.7 3.7 Zel1 2776 Z23 20Z
1 Z^ 195 727 4 2 1187 I 1 7 3586 4062 223 212
.I 40 :15 03 4 7 1156 4 3 3 4864 5450 234 210
12 oc 235 762 4.3 1113.3 7.9 3655 4188 137 201

12 ZO 253 699 3 6 389.3 7 7 3522 3488 203 1t
1 4C 275 795 3 6 1163.6 7 3 3126 3115 166 103

13 00 295 601 3 3 1022 4 3.1 2932 3336 148 188
13 ZZ 3,5 3Z9 1.0 679.3 8-C 1345 1566 150 18z

13 40 335 546 2.3 971.1 3 6 296 3434 153 181
14 Q 355 340 2.5 815 0 3.7 1804 1537 165 132
14 20 375 595 5.5 1023 0 V.5 2154 3331 117 163
14 4C 361 153 1 6 712 3 3 7 444 513 148 171
1! C 415 131 1.3 678.3 3.6 242 211 131 156
15 21 435 133 1.5 753 4 tott 342 421 123 155

Is 4C 455 115 1 6 710 4 ttit 323 373 157 164
1 01 475 11I 1 6 66;.6 *int 335 379 151 173
16 20 413 140 2.2 680 5 'o** 586 323 160 161

16 3! 510 103 2.6 661.3 7.3 133 160 151 163
16 #5 530 107 1 3 437.5 7.6 33 33 133 150

B-32
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FlDCO ENVIRONMENTAL, INC.

ARMY DIESEL FONKLIFT STUDY

Loeation YOUR

Test Description TEST SEVEN
Set*: DECEMBER 1. 1183

Elansed S0Z CO C02 TNC NO NOR A131 A132

Time Time (Fpp) (PPM) (PPM) (PPM) (Pre) (FFB)

* 05 0 41 1.4 763 0 6 7 650 617 271 22
* 25 i0 478 2 1 335 5 10 6 161 2670 244 212
0 45 40 133 2 3 1103 1 I 2056 2733 216 Ho
9 C5 60 525 3 4 1057 3 9 3 1213 2740 2Z7 103

3 25 60 566 3 8 1093. 3 2 2336 3715 230 104
3 45 i00 667 5 0 1117 5 I 1 3157 2748 227 1#6

;C 05 Ito 314 2 7 13 5 V 3 $060 1033 227 165
io Z5 140 318 2.1 147 6 1 3 140z 141Z 166 166
1; 45 16C 271 1 0 612.6 7 4 1064 1252 224 21C
ii 05 loo 143 1 6 326.2 7.4 Its 1010 101 113
I1:z5 zoo 209 2 7 323,6 7.4 1572 1613 23 206
;1 45 220 160 2 4 130.7 71 1640 1606 116 206
12 05 Z4 31 1 7 61 6 6 6 56 606 216 134
I;.i5 260 69 1 6 307.4 6.6 576 640 202 191
12 45 z0 71 1 4 700 7 7 0 305 243 143 163
i3 05 300 67 1.5 773 3 7 3 353 33 153 134
13 25 320 70 1 5 751 1 7 6 305 332 132 J57
11 45 340 so 1 6 794 6 7 3 652 63Z 161 166
14 05 36; 112 1,3 123 9 6 7 537 573 164 166
14 25 360 176 4 3 648 5 1 4 1350 1577 I0 186
14 45 400 11 1 5 739 4 6 7 35 s1 1539 156

5 05 410 35 1 4 725.1 a 4 431 455 131 162
15 i5 440 107 Z.5 646.5 ''t' 017 114 It 152
5 45 460 93 2 1 734 4 t't 555 56 175 167

16 05 460 97 z 1 633 6 at'* 6Z4 652 142 165
16 40 515 69 2.3 679 4 7.5 407 41 151 152
a. sn~ts~sss.gsas~a~azau...uu 33*u*33*sms~ug** ummu.. smsa... .s..samms.B-33
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PEDCO ENVIRONMENTAL, INC

ARMY DIESEL YORKLIFT STUDY

Location ONE
Test Description. TEST EICHT
Date: DECEMBER 6. 13

*amo~mmmmmmm~muammaaaSU~mumgumsau.mamuuuumumuummUUUmuua*38ms

Elapsed 102 CO CO TNC NO NOt AI3 A02
Time Time (11B) (PPm) fPPM) (PPm) (Po) (PPs)

* 05 0 300 z 93034 4 29*t 1463 1ot S0 $53

6:25 20 mtit 2.1 1031.5 ttt' 2S02 1757 206 21

8.43 40 165 Z I 822 3 7.4 1568 15 oo 219

1 05 s0 1423 2.8 1154.3 7 3 3343 3732 211 206

3 25 s0 1738 t 7 1135 7 7.7 2573 4111 205 211

3 45 100 1Z07 2 7 1083 1 7.7 2536 3033 214 211

l0 05 120 I75 Z 7 133.5 7.Z logo 2249 203 18

10 it 140 366 1 3 1033 3 7.5 1311 2274 212 its

10 45 160 560 z z 342.5 7.7 1097 1321 219 22;

11 05 130 153 2 6 1030.5 7 0 1377 2156 111 232

;1 25 200 1773 3 1 1136.0 5 1 3711 2387 Z05 204

11 45 220 1739 3.3 1168 8 3 3 3105 3177 243 260

12 05 240 1161 2 8 1290.6 3.6 3922 5030 Z35 227
12 25 Z60 1510 2 7 1115.3 3.0 2615 2153 its 217

12 45 200 1518 2.8 1017 0 7 6 2176 2678 160 216

13 05 300 613 Z.3 1050.2 7.6 1232 1328 252 252

13:25 320 315 2 4 1170 4 7.7 1540 1727 272 229

13 45 340 1702 3 4 1316.6 a 4 4437 4131 t81 295

14 05 360 237 1.5 333.8 7.6 33 547 117 134

14 i5 360 133 1.0 340 5 7.4 117 222 113 171

14 45 400 163 1.4 1008.0 7. 3 277 452 i15 160

I5 05 4Z0 417 1 6 1095.9 7 3 It3 1173 136 163

15 25 440 114 1.3 342.6 7.1 173 1t0 207 153

15 45 460 348 2. 0 1143.5 7.5 575 585 130 160

16 0 460 117 1 2 1017.0 7 5 101 120 Z28 204

16 25 500 105 1 2 1100.4 7.7 s0 i5 202 173
11.45 520 tiaa tilt mett entt ires till meet ettt

I i 5 i
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PEDCO SNVI3OIMEMTAL, INC.
ARMY DIRSEL FORKLIFT STUDY

Lection TWO
Test Description TEST EIGHT
Date: DECEMIER 3. 1103

8mummmma umn.....m u.....mumme .mmmemio...i.. a. mmml.u mm.m...m a.....me.m

Elapsed g02 CO COt THC NO Not AM1 AIN%
Time Tame (PPUM (PPM) (PPM) (PPM) (PP) (PPs)

810 5 445 2-4 373 7 *o* 2042 2254 553 550
3.30 25 113 4 3 056.0 3 0 2354 2337 251 230
1 50 45 1033 1 7 1033 2 7 7 2227 512] 2Z5 221

9 i0 65 194 3 0 1316 1 I 5 5374 5113 22 214

I 3D 15 1731 3,2 1234.3 7 3 2326 4210 z16 207
3 s0 105 1334 3 4 1421.3 3 6 5700 7006 200 13t

10.10 125 371 3.0 1074.1 7.4 1330 1341 203 206
10 30 145 136 2.7 1026 0 7.4 2363 3153 214 211

10.5c 165 550 1 0 1017.1 7 1 314 1302 233 233
11.10 185 349 2 4 1030 5 7.3 1756 1686 236 224
11-30 Z05 1532 3 3 1221.0 3.4 3353 4514 220 2G3

iJ s0 .15 112 1.6 373 1 7 8 272 301 253 242
12 -1 245 1074 3 5 1134 ,1 4 3139 3667 133 207
12.30 265 86 1 4 067.6 7 5 270 its 175 206

12 5c 205 112 1.4 335.3 7 3 421 472 229 231

13 10 305 70 1.2 343.0 7 3 213 242 232 300
13 3C 325 $13 2 7 338.1 7 7 1553 1536 269 225

13 50 345 253 2.3 1034 4 7.6 113 1251 256 245
14 10 365 81 1.1 42 0 7 3 263 237 203 171
.4:30 385 64 1.2 846 4 7.Z 173 135 135 212

14 5Z 405 117 1 3 1047 4 7.1 413 443 228 18S

15 10 425 103 1 6 1041 7 7 0 611 646 163 147
is 30 445 76 1 1 366 2 7.3 20 213 216 175

;5 50 465 32 1 5 1013.7 7.4 4 0 255 111 174

16 10 405 30 1.2 1039.5 7 4 141 154 243 21
iS 30 505 67 1 0 741.0 35 3 2 134 163
amumummmmm um~uumummluuuumuuaaumatmuuimmmmm~m~ mSlmeemn~m~Bmm3m5a imua
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PEDCO INVINONNgUTAL, INC
ARMY DIESEL FOnKLIFT STUDY

Location THREE
Teat Deacraptlon TEST EIGHT
Date: DECEHIER 1. 1113

Elapsed 90 CO Cot THC NO NO Ali AIR2

Time Time (PP) (Pm) (ppm) (PPm) (Fps) (PPS)
- - - - ----.. - o ~ o o .- - - - - - - - - - -- - - - - - - - - -----------. - - o ~ o . _ ** . . o . ~ . o ---- --

7 55 -10 26 0.1 120.0 0.6 5 3 472 562
a 13 10 42 0.3 735.5 at$* 7 21 211 271
1:35 30 45 1.2 763 1 6.7 35 44 174 Z2
1 55 50 47 1.2 751 4 7.2 63 73 222 212

I 15 70 49 1.3 752.3 7.5 35 41 222 23

9 35 t0 46 1.2 741.2 7.1 149 173 216 212
9 5! 110 54 1 3 769.3 7 2 Z54 211 204 105

10 15 130 43 1.4 710.4 6 164 137 131 2oo
ic 35 150 48 1 2 797 6 7 3 157 234 243 232

0 55 170 51 1 3 133.3 7.7 223 235 225 231
11 15 190 232 2.5 1038 3 V4 2759 2343 234 216
i1 35 210 260 2 2 1061 5 3.5 1703 2474 244 222

11 55 230 210 2.3 912 5 1 6 2501 3452 236 242
12 15 250 263 3.1 1134 S.7 2468 3331 200 201

12.3! 270 231 2 3 1063.9 8 7 2676 2754 203 214
i2 55 20 532 3 5 1071 5 V7 3250 4363 224 219
1 15 310 47L 3 0 333 5 a 3 3064 3734 $13 206

13 35 33C 447 3 ; 1310 1 3.2 2331 3461 260 226

13 55 50 442 3 2 1100 1 3.4 2836 315 268 237

14.15 370 561 3 0 1157,1 3.6 3421 4251 202 173
14 35 21C 467 3 1 1162 I f 3 3397 3136 16 201
14 55 410 456 3 1 1145 0 3.0 3056 3768 213 164

15 15 430 443 3 0 1203 5 1 . 2737 508 197 149
15 35 450 366 2 3 1223.0 3.2 2503 2348 239 133
15 55 470 566 3.3 1332.7 3,5 4113 4306 16 163
16 15 490 640 4.0 1312.3 1.9 4597 5373 236 215

1i 35 5i0 g0 0 7 353.3 0 7 4 2 205 156

BI
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FEDCO ENVIPONEHNTAL, INC.

&RY DIESEL fOPKLIFT STUDY

Location YOUR

Toot Deesription: TEST IGHT
oat*: DECEMHER 1. 103

US mUUUmimmmmmmma mmmm SBmmm mmmmSmmmmmm .. mmmmmmmmmmmmmmmmmoUmm USm

glaOsed s02 Co Cot THC NO NOx AI3 AII

Time Time* (Fp) (PpM) (PPm) (pPm) (Fps) (FB)

100 -5 34 0 3 710.4 it'm 22 6 40 546
A o0 15 27 1.0 763.4 too* t0 16 203 241

340 35 33 1.2 $oz 1 6 0 124 139 169 220

300 55 37 1 4 344 5 7 4 220 243 107 203

£20 75 39 1.3 831.4 7 4 s3 73 207 200
9 40 65 46 1.3 17.3 7 2 its 2Z7 114 207

;0 0c 115 42 1 2 001 6 6 3 224 250 133 200
10 20 135 43 1.5 114 3 1 3 161 164 it3 137

10 40 155 45 1 4 114 7 7.4 164 191 237 223

11.00 175 43 1 3 3107 7 6 254 20 253 254

11"2C 195 51 1.4 332.3 7 0 263 23 204 191

11:40 215 67 1.1 318.1 7 6 111 230 232 213
1 t0 235 55 1 3 673.0 7 7 13 243 236 21

17.20 255 66 1.2 331 4 7 7 240 235 174 203
12 40 275 76 1 4 944.3 7 5 552 648 134 139
13 00 295 76 1.4 1042. 9 7 5 492 536 247 245

13 20 315 101 1 7 163 5 7.5 626 739 255 239

13 40 335 295 2 7 1141.7 0 3 1925 315 295 270

14 00 355 234 2 3 1003.8 1 3 1675 1364 245 245
a4 20 375 543 3.7 1124 3 3 0 4203 5031 167 177

14 4 395 554 3 4 1243.3 1 7 324 4730 13 179

15 00 415 444 2 1 1167.3 0 1 2371 8462 205 196
1! 2: 435 468 3 2 1194.5 6 3 2702 4100 220 131

15 40 455 352 3.0 1264 0 3 3 1161 2327 223 161
16 00 475 420 2 7 1203.6 V6 101 36Z5 163 172

16 20 415 414 3.3 1314 1 3 5 2621 2316 213 112

16 40 515 05 2 1 1110 3 7.7 713 173 233 167
Um...mmU~m..mmmmm mmmgmmntstomommoammm..mU.Sm mmmmmmmmm.mmamtmomsmmUSoma8-
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PKDCO ENVIRONNZMTAL. INC

ARLY DIESEL FORKLIFT STUDY

Loation ONE

Test Description TEST NINE
Date DECEMNE V 1983

*emmmmmemummsamemueuaauumuummuumaemmuuammauuummauammmsomuauwsmu

Elapsed S02 Co COz THC NO NOt A11I AIR2

Tame Time (Pro) (PPH) (PPN) (FPm) (FP) (FPr)
-------- w---- .... ----------.... ---------- o-------- w- --- m-----------------om-

1.00 -10 t0 1.2 014 0 7.4 f 7 400 336
a 20 10 30 1.2 774.1 6.7 217 216 %0 303

6 40 30 702 1.6 1133 6 6 9 4374 4032 M99 243

9:00 50 645 2.0 1009.1 7 0 4367 4667 269 213

1 ZO 70 126 1 5 073 1 6 8 1920 2017 341 296

*:40 t0 206 1 4 tze 1 6 7 1333 1413 436 373

1: 0C  110 204 1.3 100.8 7. 2 1437 132 276 243

10 Z0 130 762 1 6 1080 . 7.4 3046 3092 310 260
1,40 13C 372 1 6 009 6 7.3 2455 :696 307 31",

il 00 i7o 790 1.5 1129.1 7.1 261 2979 373 305

1. zo 190 1069 1.5 1120 6 7 3 3399 36ZZ 339 323
11.50 220 1142 I a 127Z 0 9.5 3137 4318 23 106

i. I 240 1670 1.7 1306.5 7 6 5130 4113 322 270

12 30 160 1440 1 a 1222 5 7.7 4008 4303 196 164
I 5 280 1621 1.8 1341.0 7 4 47Z5 4665 144 115

13 10 300 1397 1.7 1333 4 7.5 4449 4634 12 96
13.30 320 1353 1.6 1310.3 7 7 4707 4310 62 65

i3 50 340 1410 1 f 1405 5 7.6 4439 4593 129 115

14 10 360 1477 1 9 1354.8 7 7 5&Z5 5129 113 10e
14.30 360 1545 1.6 1314.4 6.3 5048 5276 104 12

14 50 400 1621 1 7 1443 1 8.6 5237 5777 124 117
15 10 420 1250 2 0 1233.2 0.5 4477 500z 79 75

15 30 440 1421 1.8 1345.7 a 5 4692 5125 103 105
15.50 460 1517 1 7 1320.7 9.4 496 5110 s0 75
16"10 460 1096 1 6 1352.7 0.6 3414 3696 70 71

i6 30 500 775 1 7 1311.1 0. 3368 2660 66 101

B-38
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PIDCO INVIRONMENTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Location, TWO

Test Description TEST NINE

Oat* DECENIER 9. 1103

Elapsed Sol CO Cot THC NO Nos AIRI AiR2

Time Time (PPS) (PPM) (PPm) (PPM) (PmU) (FPS)

A 05 -5 20 1.1 31 4 6.6 10 6 503 3Z0

IiS 15 V7 1.1 761.0 8 5 111 235 212 511
1 45 35 753 1 2 1156 3 7.2 5270 1524 267 253

* 05 55 1136 2.1 1163 3 7.0 7173 7467 233 176
1 25 75 81 1 5 343.1 6 9 1553 iSO9 345 327
3 45 95 $1 1 4 060 6 5.1 1213 1272 443 404

1005 115 19 1 4 353 3 7 2 1105 1170 363 237
10 Z5 135 357 1.7 1002.6 7.4 2704 2127 322 262
IC 45 155 232 1 7 357.2 7.3 212 2315 416 330

il 05 175 234 1 7 977.1 7 1 2176 2321 360 313
11.25 165 131 1 7 1061 1 7 5 2807 2974 322 184

11-55 Z25 604 1.7 1166 0 a 0 2063 2203 316 246
12.15 245 682 1 7 1123 9 7 4 2062 3210 213 178

Iz 35 i65 1073 1.3 1173.3 7.5 4294 4234 214 151
1i 55 265 1315 1.3 1224 9 7.5 4765 4342 151 141

i3.1S 305 1044 1 7 1112 8 7 5 3167 3966 74 65

13 35 325 1235 1.7 2302 , 7.6 3538 4516 36 96

13 5! 345 1440 1.3 1361 3 7 5 4584 5106 122 116
14 15 365 1616 1.5 1354.3 7.3 5212 5217 3o 76
i4 35 385 1537 1.7 1453 0 8 3 4316 5347 143 135

14 55 405 1600 1 7 1510.3 1 a 5462 5629 36 31
i5.15 425 1690 1.6 1432 0 1 7 5663 630 01 71

15 35 445 18o1 1.7 1443 5 1 7 5755 1535 9 11!

15 55 465 1256 1.7 1325.1 I 6 4157 4611 68 57
16 15 485 764 1 7 1210V3 1 7 2453 2660 62 74

1i 35 505 33 1 1 1015 7 1 6 6 6 262 305

8-39
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PEDCO ENVIRONMENTAL, INC

ARMY DIESEL FORKLIFT STUDY

Leeation THREE

Test Description TEST NINE

Date: DECEMBER 3. 1363

Elapsed 502 CO C02 THC NO NOR AIRI AIR2
Time Time (Ps) (PPM) (PPM) (PPM) (PPB) (Ppy)

3.10 0 55 1 0 348 7 6.7 423 440 421 379
8 30 20 394 2.0 1034 . 1 6 2140 24123 22 255
1 50 40 423 22 1068.0 6 a 2136 t374 I20 253
3 10 60 352 2 Z 1064.6 6.0 1333 2053 235 203
3 30 00 325 1 9 1076.6 7 0 1537 1772 266 265

* 50 100 443 Z 1 1155 4 7.0 2084 2066 340 314
10 10 IZ& 434 Z 0 1034 4 7 6 1930 20t 273 216
10 30 140 432 2.1 1162 5 7.5 1367 2255 360 263
io 50 i6 531 2 0 1186 6 7.3 2137 2441 35 352
11 10 160 430 1 9 1107 5 7.0 1736 2014 440 370
Ii 30 200 648 2 1 1236.1 7.6 Z478 2878 346 272
12 00 130 640 2.4 1332 6 7.9 2467 3025 300 251
1. 20 25C 500 2 3 1322.2 7 4 2303 2564 227 205

12 40 270 569 1 9 130 .1 7 0 2401 2667 175 124
13.0: 290 572 1 8 1246 4 7 3 2342 2427 146 117
13 20 310 486 1.7 1159.4 7.Z 1762 1004 33 0
13 40 330 360 1 7 1120 0 7.3 1676 1524 t8 35
14 00 350 306 2.1 1221 6 7.4 1057 2063 111 106

14 20 370 176 1.6 1159 6 7 1355 1015 91 64
14 40 330 190 1.6 1103.3 0 963 1058 125 120
1 c0 410 159 1 5 1212 7 6 2 343 tie 35 31
15.20 430 32 1 5 1196.9 8.2 462 530 Be 73
1540 450 254 2 0 1423 3 3 4 1966 21539 6 34
A 6 00 470 69 1.6 1165.0 8 2 500 557 63 63
16 20 49o 67 1 4 1094.3 6 4 86 109 70 77
;6 40 510 26 1 0 690.7 1 3 6 5 334 349

B4
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PZDCO ENVIROIMENTAL, INC.

ARMY DIESEL FORKLIFT STUDY

Location FOUR
Test Description TST NINE

Date: DECMBER 3, 1023

*uuauaammaaaumauuuasmmmusmmaommmmmuuwuuuueuusummmmumuummamuumummmaums

Elapsed 5o CO CO? THC NO No AIR kiwi
Time Time (pro, (PPM) (PPm) (?PH) (Pro (PF)

6:15 5 113 1 7 1007.4 3.9 1461 1635 275 328

a 35 15 3i1 1 1 1115.4 6 7 1631 2210 all 233
1 55 45 42C 2.1 112 0 6 7 2073 2526 312 267

0 ;5 65 406 2 2 1173 5 7 0 21o 2276 313 t0

3 35 65 415 2 0 1147.1 6 7 1705 1893 435 375
U 55 105 436 2 1 1113 0 7.0 1072 211 3;0 Z65
IC 13 125 416 1, 1130 4 7 3 1876 2072 294 239
10 35 145 417 1 a 1111.0 7.7 1961 2032 391 265
10 55 165 320 1 6 1106.2 7 0 1505 1647 374 351

11 ;5 185 204 1 9 356 5 7.0 1169 1305 352 324
11 35 205 207 1 7 1129 5 7 8 1328 1453 366 294

iz 05 135 207 I I 1131 5 7.5 1445 1535 382 324
12 25 255 118 1 3 1102.4 7 3 1215 1230 162 156
12"45 275 142 1.9 1156 8 7. 1 1463 1573 139 so

13 05 295 174 2 0 1306 6 7.3 1769 1077 85 107
13 25 315 140 1.3 1131.7 7 3 1440 1514 7 75

13 45 335 132 1 7 1332 2 7 4 1244 1334 119 12
14 05 355 116 1.9 1271.7 7.4 1444 ISZo 112 101

14 25 375 105 1 7 1134.2 7 9 1010 1059 64 55
14 45 395 s0 1 7 1372 1 3.1 366 135 135 130

i5 05 415 216 2 1 1305.8 1 3 1622 1119 97 97
15 25 435 79 1 3 1201.6 .2 364 1026 le 96

15 45 455 161 2.3 1411.7 S 5 2217 2353 10 8-
16 05 475 67 1 S 1244.7 . 3 776 622 72 6z

16 25 495 65 1 4 1120. 1 .6 532 543 70 82
CUSS SS SSSS SSSSS SSU3UU U*SU*SUSSUUt tSUtStStUUl~t ttSSC U S U SStsR S tmS3U*-8t4
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PtDCO ENVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location ONE
Test Description WAREHOUSE TEST I

Date: DECEMBER 13. 1983

ElSaDed 502 CO CO? THC NO NOX AIRI AIR2

Time Time (FFB) (PPM (rPM) (PPM) (FPS) (Fps)

* 05 5 93 0 7 159 3 7 6 'tti test 328 435

8.15 15 73 0 5 631.z 7 4 seat mitt 371 374

S 25 25 73 0 7 533.6 7.5 Bt** as** 30 445

* 35 35 tttt 0 5 731.9 7.1 same a*** 413 403
* 45 45 56 0 5 63a 1 7.3 't*t st* 445 626

900 60 101 1 3 525.2 3 0 1143 1744 430 531

9 10 7C 318 3 6 845.9 1 7 3625 4128 457 521
9.20 s0 614 4 9 960.2 10 4 6375 6703 390 416

3 30 91 536 4 4 649 2 10.2 5407 5503 432 457

1 40 IDD 591 4 7 371.9 10 4 6025 1070 433 445

1 5G 11c 58 4 5 878 7 10 2 5068 6156 429 448

;0 00 120 B61 5.3 177 2 10.6 3567 3161 469 438

10 10 130 436 3 4 716 8 9.4 4736 4799 365 408

io 20 140 624 4.2 522.9 9.5 6468 6664 421 487

10 30 150 773 4 6 879 5 9.9 5523 4330 430 472

10 40 160 730 4 6 903 6 3.9 4825 4804 469 544

10 50 170 77; 4 5 92?.0 9 6 6349 7261 474 526

11 cc 160 788 4 5 322 3 10 0 7257 3079 403 449

11 10 10C 179 1 7 674 0 7 3 1171 1381 437 593

11 20 200 131 0 7 619.5 7.7 136 150 5:8 661

11 30 Z.1 110 0 6 435 3 1 4 0 0 471 53E

1I 40 20 101 0 7 5397.5 7 7 6 1 453 643
1; 5; :30 1o 0 0 776 6 7 6 0 1 2140 1747

12 00 240 94 0 8 705 3 7 6 0 1 2231 1798

i 10 250 96 0 8 611 1 7.8 0 0 2243 1676
AZ 20 260 103 0 7 651 2 7 7 0 2 187 305

B-42
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PEDCO ENVIROW4EN'TAL. INC

ARMY DIESEL FORKLIFT STUDY

Location THREE

Test Destription VAREHOUSE TEST I
Date: DECEMNEN 13, 1163

***ummm... urn...mu. uwmsma 3333.5.33 muggas * u* *aog.*g 35333 mma mm5SU33 Sm

Elapsed So Co COz TNC NO NOX AI1 A12

Tint Tine (PP) (PPm) (PPm) (PPM) (PPs) (PPs)

8:00 0 65 1 7 663.3 6.1 $at* as&* 31 401

6 10 10 t0 0.9 646.4 7.7 see* tint 413 SI0

1 20 20 t6 0 7 556 5 7 5 g3a3 s* 03 332 413
6:30 30 65 0 1 641 6 7 4 3''' 'ttt 277 464
6 40 40 67 0 a 726 a 7,2 tst e ttt 2164 1656

055 55 61 0 6 537 2 7 1 *@a* see* 537 627
* 05 65 236 1.6 766 6 8 1 2196 2730 362 423
1 15 75 614 2 3 1067 1 0.8 4415 4469 361 442
9 25 35 6Z3 2 1 1045 2 9 D 4418 4432 436 440
9 35 95 747 2 3 167.1 # 6 5245 506 451 505

9 45 105 668 2 5 1000 1 $'1 4769 4756 389 444
6:55 1.5 547 2 7 633.7 9 5 4564 4218 367 372

;0 05 125 534 2 2 627.2 6 6 3606 3666 371 398
10 15 135 516 2 4 829 3 S 9 3694 4064 416 463
10.2 145 398 1.5 769.6 . 3021 3103 463 445
i0 35 155 493 1 4 833.9 2 *too *t* 446 Sol
10 45 165 507 1.6 665.4 I 1 3061 3342 446 51
i0 55 175 575 1.7 756 0 1-2 2613 3520 203 437
11.05 135 364 1 6 623.9 I 4 2250 258 435 514
11 15 195 124 1 z 574.9 7.7 316 371 474 516
11:25 LCs 152 1.0 441.2 1.5 30 47 505 653
11 35 115 99 0.7 522 t 1 1 2 6 432 $16

1;45 115 666 031 4 6 6 5626 5512 1334 1194
1. 55 235 568 4 2 1134 5 6.4 6571 714 2166 1761
12 0! 245 165 1 5 615.6 7.6 1076 1211 2246 1672
12-15 255 2720 0.5 663.1 7 6 14 45 1416 165

I:.Z5 265 *Sao 0 7 554,7 7.6 tttt seen 65 8
usuuassm~msauaaaasuemlmumttmasamttlmtut.s..s.tstmumuamlajstagtutlmsmR
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FEDCO ENVIRONMZNTAL. INC
ARMY DIESEL FORKLIFT STUDY

Loation ONE
Test Description VAREHOUSE TEST I
IOte: DECEMUER 12. 163

uuummmumuwusmulmmugmmuuaaliusmuuiumeOm~mull~l~lsuuiiluumguumoammllsuuilml

Eloosed 502 Co CO? TNC NO 110 Ati1 AtR
Tint Tim* (FFB) (pFm) (PPm) (PPm) (Fp) (FF3)

It 25 -3 1it 0 6 576 4 7 6 0 1 Ito 124
12:33 7 704 3 6 853.1 6 4 243 2133 120 135

12:45 17 676 4 5 666 1 10 0 2137 3642 i5 114
1255 27 739 5 4 1110.8 10.5 2273 4162 #2 87

13.05 37 783 5 7 1114.5 10 f 3141 3915 32 61
13 15 47 144 5 3 9Z1.4 10.6 2711 233 72 62

13 25 57 301 3 6 110 3 3 3 1574 1762 79 106
13 35 67 550 3.5 327 7 10 0 1963 2263 73 70

13.4! 77 547 4 1 723.0 6 6 2332 2705 61 50
14 00 02 497 3.5 906.5 $ ' 1357 2201 47 46

14 10 10; 851 5 2 1036 3 10.2 7703 045 60 5
14 ;0 112 654 S.Z 1158.8 10 6 6350 3573 54 52

14 3 1:2 567 4 9 634.1 6 6 6604 7756 52 55
14 4C 132 633 4.7 1033 3 9 6 6662 6004 46 46
14 50 141 062 5.3 640.0 10.2 6514 6308 51 46
15"00 152 741 4.7 361.1 1.3 6056 6177 70 75
1510 16i 633 6.6 36.8 I 6 6005 6306 54 67

;3 20 172 753 4.7 40032 4 3 5 6660 7666 63 71

15 30 18^ 709 4 9 346 9 10 0 5300 6767 57 50
15 40 19z 757 4 9 023.1 10 2 6576 7309 51 57
15 50 20Z 874 5.5 647.0 25 6 7616 6404 46 56
i6 00 212 70 5.2 1149 Z 10.1 7615 6517 53 48

16.10 ziZ 657 4 5 632.4 10.1 6033 6350 44 51
A6 2O 23Z 06 5.6 OZ .1 10.0 7036 t066 65 so
16 3c 242 739 5.7 1000 6 11.0 5653 7260 73 76
16 40 252 1237 15.6 1169.3 13.0 7037 10066 01 71

16:50 262 1230 17 6 1111 6 13.5 6363 9619 I5 56
3333333333333833333333333333383333333333333 33333333333333333333333333B-44333
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F9DC0 ENVINONNENTAL, INC
ARMY WIESEL IOAXLIFT STUDY

Location: THREE
Test Descriotion WAREHOUSE TEST2
Date. DECtMlER 12, 113

Elapsed Sol CO cot TUC No NOR A1111 £132

Time Tim* (FpU.) (rpm) (PPM) (ppm) (FF3) (Fps)

11:20 a 531 1,4 4440 7.7 525 940 32 104
It 40 It 710 2.2 9#1.7 3 1 le55 136 135 156

22 so I 723 2 4 673 3 3 6 1366 2211 34 125
13.00 3Z l00 2 1 1043.5 3V1 2448 Z711 72 102
i3 ID 42 1$$ 2.3 1106 6 3.1 2452 2417 70 32
it3 20 52 415 2 3 335 3 1 9 2053 2202 so 34
13 30 6. 467 1 3 043 1 3 7 1035 1231 5o 3
i3 40 72 71.1 2.2 1006 0 8.7 201l 2434 57 32

I; so 12 3 2.3 1167,7 3.9 2630 2333 41 45
14 05 37 770 2 3 1004 7 1.6 4597 5260 54 4-7
14 15 107 769 2 3 45 0 1.5 4557 4155 61 12
14 25 117 325 2.2 317, 2 5 5353 5561 51 53

14,35 121 255 1.5 737.6 S 0 1703 1363 24 43
i4 45 1371 747 1 3 323 3 3.2 2360 3601 47 54
14 55 147 733 2 1 102e 6 3 3 4337 51 42 5o

is 05 157 733 2.4 6614 3 s 3117i 4033 56 5
15 15 167 674 2.2 353.5 8 4 3560 4023 64 55
15 25 1711 345 2.5 1014 7 5 5 4633 5574 62 70
15 35 137 553 2.3 1110.2 3 6 4109 4643 52 4z
i5 45 137 734 Z.7 1104, 2 .3 4653 5456 43 53
i5 55 207 672 2 5 334.0 3 Z 4525 5123 43 54
16 05 217 672 2.1 347.6 3 5 4062 4661 53 61
16 15 227 316 2 6 322.4 6 0 4633 5117 3 54
15:25 1.37 373 2.4 1107.3 3V1 4577 4736 75 67
16,35 247 617 4 5 1066 4 3.3 3371 4726 67 60
16 45 257 332. 5.0 1073.5 10.5 2333 4074 16 63

16 55 267 754 6.3 1111.5 11.3 2063 4231 64 43

B-45



PEDCO INVIRONMENTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location- ONE

Test Description: VAREHOUSE TEST 3

Date: DECEMBER 14, 1963

**u*.ummulw***auuuscussuuuuaus*SUSW*USieU*.caeao.ua*..Umusu.*a***ua**UUSuUlgu

Elapsed S02 CO COZ TNC NO NOR AI1 AIRZ

Tine Tine (Fps) (rpm) (PPm) (PPm) (PS) (Ps3)
------- o--i----i-----e---------------i--------i------------------------------

I 15 3 67 0 8 774.4 10 1 3 3 417 743
A 15 13 142 1 5 34Z.9 7.3 1046 1267 153 134

635 Z3 SO0 4 6 1321.1 6.1 7100 6366 143 151
6 45 33 606 5.2 1232.2 3.7 6002 7926 167 156
8 55 43 592 4 6 1173.4 3 5 546Z 1070 Z17 172

9 05 53 626 5 6 1Z47.5 10 3 6110 6713 164 174

3 15 63 797 5.7 1310 6 10.3 6632 3007 153 156
9:25 73 609 5.0 111$ 5 10 2 5710 7361 lIZ 143

9 35 83 650 5 3 1264.7 10.8 7271 3097 153 152

3.45 93 701 5.7 1392 6 10 5 7531 1673 133 146
9 55 103 331 6 7 1506.8 11.0 3163 11122 153 153

10 05 113 764 4.6 1236 . 10 .4 7157 7336 164 183

10 15 123 631 6.1 1361.3 11.1 6414 10230 170 151

10 25 133 673 6 Z 1420 6 11 2 6633 10216 136 145
10 35 143 395 5 3 1332.4 11 0 7387 9636 12Z 133

10 45 i53 574 4 3 1199.5 10 3 545Z 6664 152 172
10 55 163 730 6.5 1287 4 10.5 6126 7155 162 166
11 05 173 60z 4 3 1370.7 10.4 6600 7468 143 143

11 15 183 733 5.0 1306.1 10.6 5901 7336 156 163

11:25 193 621 5.3 1350.0 10.2 7219 6661 146 153
1 35 203 1006 7.1 1314 6 10 3 8739 10333 130 153
11 45 2i3 320 6.7 1489. 10.6 9366 3717 146 171
1; 55 23 397 6 3 1392.2 10.4 1315 11049 143 151

12:05 233 609 S.1 1352.5 9 a 6509 6331 157 10
IL 15 243 09; 5.6 1390.0 10 2 6355 3053 is3 161
1i 25 53 743 5 4 1261.0 10 6 4607 6144 471 170

1L35 263 286 3.2 1025 6 9.6 1543 1337 2152 1766
12 45 L73 165 1.0 397.6 3.2 66 125 2070 1776
1; 55 283 127 0 7 054.5 1 3 1 0 1075 184
uumas8ssm8muue8u8 sm8wuu8mng8ut .mu.m uuusnl nsuumj muuumnjsuan tmu.B-4sm6j
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FZDCO £NVI013O1NTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location. THREE
Test Descrtption VARHOUSE TtST I
Date: DECEMBER 14. 1963

*omommmummamummmmusuimsgmeauu~oommmemmmm..uusummmumussmamomuuuuauueuu

Elapsed A02 CO Cot THC NO N0I 3A1 AI2
Time Time (Pro) (PPM) (rp?) (PPm) (Fps) (FPS)

-----------------------------------------------------------------------------

3:10 -2 7Z 1.1 ol 8 :4.2 3 1 111 043
I 20 6 105 0 737.1 7.0 2 1 170 240
a 30 1 323 1.6 1010.5 7.2 1135 1473 151 12
a 40 2 741 2 0 1325 2 3.3 4200 4461 141 123
8 50 36 762 2.3 1243.6 1.4 4115 4664 175 153
I G0 46 636 2 1 1433.0 1.4 4046 4521 135 152
1 10 sS 707 2.6 1426.8 6.3 4715 4690 164 161
1:20 66 625 3.1 153 9 3.2 5634 6404 136 16
1 30 76 4167 2 4 1353.6 6 5266 5970 173 10
* 40 so 709 3,0 1324 1 a 9 5547 6351 166 156
t 3c 36 782 2 1257.4 3 0 439 5734 147 i5

10:00 106 677 2.7 12370 6 4455 5065 170 157
10 10 11 690 24 1107.3 8.7 4145 4548 155 176
.0 20 126 619 2.6 1239.1 .2 3954 4403 141 165
10 30 136 630 2.6 1206. 26.5 4112 4654 141 140
10:40 146 64 2. 12338 5 10 .6 4441 532 143 141
10.50 153 364 2 1423 7 3 0 4373 5357 133 145
11 00 166 760 2.7 137 3 6 3 4492 5150 150 143
11 10 178 720 2.7 1435.3 3 0 4570 5031 152 146
11:20 16 611 2.6 1307 3 8.5 4176 4723 134 173
11 3 13 506 2 4 1215 5 8.0 4425 4611 103 137
11.40 203 652 2 5 1298.1 6.3 4272 4613 103 153
11.50 216 535 2.4 1122 1 3.2 3630 4000 156 10
12.00 223 631 2.6 1276.7 3.1 383 4202 137 150
1z 10 238 670 2.6 1207.7 6 1 3649 4342 147 194
1: 20 243 003 2 6 1392.1 6 6 5034 5373 150 174
1: 30 253 6e 2 3 1414.2 6 0 6052 6733 1414 1253
12:40 263 201 1.4 636.2 6.4 653 773 2144 1714
12 s0 278 165 1.0 016.6 1 7 51 s0 1055 1643
13.00 233 137 0 300.1 7 5 2 10 2174 1935
muauumuuu~mauaumuuuaaumummcmumauommum8umumusuutuuusmmuuasmmu8m
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PIDCO SNVINONNNTAL, INC.
ARMY DIESEL FORKLIFT STUDY

Location ONE
Toot Description: VAREHOUSE TEST 4
kte: DECEMBER 14, 1063

*.aammmmmummmmmmmmmmmuumuaaumamumummmmuumaumamuuammuuammommmueawuaaaw..aa

Elapsed 502 CO cos ThC NO NOE 5131 5132

Time Time (Ps) (PPm) (rpm) (PPM) (IF1) (Fps)

13:05 -2 105 0.3 122.0 7.4 3 2 2130 1041
13 5 0 93 0 0 057.7 7.4 3 6 220 13

13.25 1 114 1.0 1006.1 7.1 202 163 117 106
13 35 28 731 2 . 1358 9 V2 5774 4116 141 Its

13 45 36 035 3 3 1464.9 .5 4338 5317 158 150

13:55 48 665 3.0 1370 5 1.3 3133 4913 147 160
14 03 38 704 2.7 1447.6 0.1 4007 4012 154 177

*4 15 s0 020 3 4 1520 a 0.3 4608 5441 162 163

14.25 78 1108 3-5 3521.4 I.5 5758 0426 153 134

i4 35 08 1077 3.5 1507.5 a 3 5445 6201 135 117

14 45 06 1136 4 2 1683.Z 9 2 53960 6513 140 123
14 55 108 1425 4 4 1731.4 1.6 7147 7043 156 147

15:05 111 1140 4 Z 1741.1 9.6 6221 7214 10 176
1515 i26 1016 4.2 166 .6 #.7 6607 00 1357 18

15 25 138 1002 6 4 1618.3 0I 5470 53e1 115 117
15 35 140 723 3 4 1437 0 0 3 4336 5164 166 154

15 45 156 761 3 7 1411 6 0.1 4795 5597 135 147
15 5! 165 I0 3 0 1551.2 0.9 5435 6323 153 156

16 05 176 004 3.1 1468.3 8 9 4642 5414 153 It0
;6 15 10 796 3 1537.5 00 4756 5412 lit lit

16 15 135 002 5.2 1464 0.0 4819 5548 78 71
11 35 t0 121 3 3 1540 0 3.2 5356 6126 240 213

;6 45 211 1250 4 1 1631 0 1.5 5352 6345 230 232
i6 55 12 1214 4 1 1761.2 9.3 61 0713 225 24i

17 05 233 1103 3 7 1624 0 9.1 4656 4896 204 167
17 15 246 026 2 8 J575 I .3 4406 5311 206 222

17:25 258 135 0.5 764.1 1.0 1 0 $10 179

B-4

B-48



r " " '_ I~l t'" .. ... . .._ . .. .. ... .. . . . . ... .... ... ... .. . . .. . . .. . . . . .. . .... . .... ...

PKDCO SNVIRONNINTAL, INC
ARMY DIESEL FORKLIFT STUDY

Location. THREE
Test Description VARENOUSE TEST 4
"ate: DECENUEN 14. 1013

Elapsed Sol Co CO THC NO NOR AI1 A£R2

Time Time (FPs) (PPm) (PPm) (PPm) (PPE) (PPm)

13 10 3 156 0.9 942.4 7.2 6 10 714 431
13 20 13 142 0.3 611.7 7.2 35 43 145 130
13 30 23 715 3.1 1137.6 6.6 4655 5036 122 160

i340 33 1016 5.0 1523.1 10 0 1450 10177 107 137
13 50 43 730 5 3 1461.7 10.2 6506 3546 147 138

14 00 53 633 6.3 1426.3 9 6 8437 3665 152 147

14 ZD 63 776 6 a 1516.5 10.3 10378 11015 151 152
14 20 73 533 5.7 1393 5 3.7 1970 8372 133 176
14 30 63 633 5 7 1420.6 10 2 6714 7579 133 37
14 40 3 #$1 6.3 1473.3 10.5 7610 5333 146 136

14.S5 103 563 5 4 1310.6 10.4 5613 6390 150 178

15 00 113 570 5.1 1404.6 10.4 4033 033 163 153
15 10 123 176 5.2 123.7 10.3 5565 6660 165 149
15 &0 133 635 4.1 1247.5 10.6 4456 5561 203 176

15 30 143 631 4 6 1237.6 10 6 5702 6540 160 114
15 40 153 744 4 3 1429.3 10. 3 6442 7612 143 150

15 5 163 177 5.4 1466.6 10 7 7877 4895 161 153

16 00 173 624 5.1 1234.3 3.3 5319 7616 154 163
16 10 153 363 5 3 1329 6 3 8 7463 6380 935 9
16 20 133 666 5.1 1404 10 1 6357 7122 111 53
16 30 203 #60 6 0 1360.3 10 7 453 #369 13 150
16 40 213 626 4.5 1208.4 10 2 5594 5301 267 Z56

10153 223 602 4 6 1302.3 10.1 387 365 243 211
1700 233 603 3.7 1246. 3 . 4265 5313 216 196

17 10 243 571 3 3 1203.3 10 1 3005 2349 223 114
17:10 253 435 3.5 1167.7 3.3 3650 4512 216 161

saa8aaaaasaaaaaaaaauaasmaaasaa8mmamaau 8suma..anaaa 88uaaamaauaauBaau49ssaa
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FtDCO IKVLPONENTAL. INC
ARMY DIISEL YODKLIrT STUDY

Location ONE
Test Description VAREHOUSE TEST 3

oat*: DECEmER 15. 1163

&lapsed S02 CO cot TUC NO NOt AIRI AIRZ

Time Time (PPs3 (PPM) (PPm) (rPM) (Fps) (PPs)

-----------------------------------------------------------------------------
a 00 -27 J 9? 0 7 726. 141 s1 367 363 52

1 10 -17 133 0 7 £59. 6£7 492 565 l0 10o

* 20 -7 103 0.6 695.7 6.6 11 168 o0 91

:30 3 972 1.6 624 0 7.5 2116 2600 113 71

1 40 13 1602 2 10270 2 4529 5338 59 72

a 50 23 1668 2 0 1039.1 6.4 455 5216 619 61

I 0c 33 1651 2 3 1114,1 6.5 4603 5736 so 61

* 10 43 lose 2 4 1142 1 6 5 5234 6021 I1 63

1 20 53 3486 3 4 1443.0 1.0 7775 3073 106 64

1 30 63 Z567 2 6 1436.2 1 6 6397 7045 116 91

I 4C 73 2545 2 6 1318.2 0.7 6658 7038 122 106

3 50 63 2390 2.0 1331.2 0 9 4324 4368 79 67

10 00 33 2266 2.6 1215.0 1 1 4539 5048 101 46

10.10 103 1449 6 5 1007 5 6.6 2754 3176 i5 37

10 Z 113 1161 Z.1 1160.7 6 6 3147 4350 is 36

;0:30 123 J303 1 9 10064 3 3051 2512 100 35

10 4C 133 1464 1 9 1026 0 0 3465 336 62 52

i0 50 143 2046 2.3 1185.6 I 7 5001 5560 73 49

11 00 153 1946 Z 5 1139 6 3 1 4362 5411 54 52

11 10 163 1611 2.3 1044 1 6.6 4343 4950 56 50

1120 173 3580 30 1313 5 3.4 6404 7162 54 65

Ii 30 163 1336 3.0 1155.2 9.1 4842 5366 71 346

11 4: 193 311 2.0 317.9 6.5 2037 2305 1563 1400

il.50 203 150 0.1 701 3 7.6 214 271 2241 1780

12 00 Z13 103 0.0 611 .73 6 34 2277 113

1 z 1
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PIDCO ENVIRONIAL, INC,

ARMY DIESEL fORKLIF? STUDY

Lscation- THREE
Test Descriptioni: VARENOUSE TEST 5
Dtst: DECEMBER 15, 1053

Elapsed 202 CO C02 THC No 1110 AM3 £132
Tis. Ties. (FF3) (rpm) (rpm) (rpm) (Fps) (FF3)

1 05 2zz see 1.5 733.7 7 J 1613 1012 102 04
V.13 -12 101 0.7 712.7 6 5 146 171 113 116

8:25 -2 755 2 7 135 3 7.5 3935 463 78 70
* 35 U 132Z 2.8 1080.6 8.5 0701 7410 79 to
0 45 16 1242 3.4 062.6 0 0 6275 lo65 73 65
a 55 ;a 1104 3.3 1011. 2 .0 5142 6220 Is 55
0 05 36 1003 2.7 1032.0 1 4445 5105 101 02
0:15 40 1011 2 0 973.4 1.0 4329 4053 103 74
0 23 56 IIoz 1 6 004.0 0 2 4370 5100 1071 so
* 35 60 4302 3.0 1034.2 0.4 4065 5703 121 to
9 45 78 1522 3.0 1144.3 0 0 5073 6035 107 03
: 55 is 1462 3.6 1022 z.1 0.6 5377 6414 06 43

10.05 to 1400 2.6 1035. 1 .9 6143 6670 05 43
10.15 106 1411 3.3 376.1 0. 5 200 5061 56 25
.1a 25 116 98 2 0 1001.6 0.4 2716 4753 05 45
10:35 128 1000 2. 1 02.2 10.4 3730 433 $1 47
10 45 130 1067 2.7 #to 6 2.4 4003 4551 gD 61
10:55 140 1140 3.4 1045.2 9.4 2606 5007 40 49
11 0 158is 1230 3.1 1040. 0 1 9 5 3783 5862 44 57
11 15 160 1067 2.7 111% 1 0.2 4124 4773 40 61
1I 25 178 515 1.0 360.3 S 0 2252 2612 74 71
11 25 1ie 062 1.6 173.0 0 2 1035 2152 504 645
11 45 106 151 0 6 607.0 7 6 06 126 2244 170!
11 55 z0o of 0.6 585.4 1 2 0 0 2230 1767

J t~ -.-. .. -51
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FEDCO ENVIROOIENTAL. INC.

ARMY DISSEL IORKLIFT STUDY

Lecaton ONE
Test Description WAREHOUSE TEST I

Date: DICEMIER 15. 1352

*uuoummmuauumemmuaoommsmmaamaaemummwumamauuommmmmmmmumumamauuauom

Elapsed soZ CO COt THC NO NOZ AIRI AIJR

Time Time (Fp) (PPm) (PPm) (PPm) (Pro) (Fps)

12.05 -18 110 0.6 754.0 7.4 2 11 1110 1136

12 15 -0 142 0.5 117.2 7.4 1 22 67 of

12:25 2 2007 4.0 1173.3 3.6 5260 6543 so 63

12 35 12 2116 5.1 1113.8 10.8 7677 3068 46 74

11 45 2: 1416 4 2 1035.1 10.2 5130 6648 86 104
12 55 32 906 3.0 363.3 3.6 2285 4541 127 111

i3 05 42 1258 3 2 1001.2 3 7 4030 5392 113 97

13.15 52 1563 3.2 1124.3 10.0 8062 6030 111 35

;3 25 62 1723 3 8 1184.5 10.1 7266 8551 130 100

13 35 72 2138 5.6 1439.6 11.1 3733 11376 130 106

13 45 82 1777 4.8 1311.1 10.3 7349 3757 121 36

13 55 32 2047 5 5 1404.1 11 5 9161 10332 153 124

1405 102 2296 5.6 1301 7 11.9 10221 11677 154 128

14 1e i12 1920 5.2 1220.3 11.7 3073 8154 122 $1

14 :5 122 1339 39 1032.0 10.6 5894 6285 137 103

14 35 132 1067 2.6 314.6 3.6 314 4452 133 113

14 45 142 Z368 4 4 1215.5 10 3 0075 10501 82 83
14"55 152 2259 5 0 1351.3 11 2 10283 11442 111 go

15:05 162 1670 5.1 1212.6 11.2 7376 0355 3o 92
15.15 172 2363 5.8 1502.7 11.3 12400 12304 117 13
333ui333u38aa.8atu333m53uu3333u3i.5.auuamuuumuSSmuumssutmWmauma*.U~mu3
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FZDCO INVINmENTAL, INC.

ARYN DZ5IEL fORKLIFT STUDY

Loeatien: TNEE
Test DescrLptien: VARSHOUSE TEST I
Sete* DECENUER 15. 1036

Ommuaammomamoummmmuuuumuaammmsmmummmmmmummmmmmmuumoammm

Elipsed got CO cOt TC NO MCI hll £132
Time Tine (Fp) (PPm) (PPm) (PPm) (Fps) (Fp)
----------------------------------------------------------------- o-----------

1210 -13 106 0.5 710.3 7 4 1 2 104 636
12:20 -3 905 1.2 956.6 7 4 6S0 313 62 105
12.30 7 1683 Z 2 1062 4 1.3 2376 2106 56 76
1z:40 17 1596 1.0 115 0 1.7 2047 2417 56 93
I; 50 27 662 1.3 626.3 6.1 1830 2104 66 117
1300 37 93 1.2 873 4 6.2 1949 2166 95 102
13 10 47 1350 1.4 1037 .6 432 2747 103 106
13 0 57 132 1 4 1054 4 6.2 2558 276 117 06
13.30 67 1567 1.4 1035.0 3.6 2750 2620 146 110
13 40 77 1643 1.3 1071.6 6.5 %061 346 144 110
13.3C 37 1013 1.0 676 0 6 3 :024 244 136 112
14 00 67 1032 1.1 343.0 6.3 2043 2377 144 117
14.10 107 1227 1.3 1030 6 6.0 2162 2514 140 Ill
14 20 117 1145 1.2 1056.4 6.3 2211 2652 123 104
14.30 1Z7 1117 1.2 612.I 3.6 223 2420 146 122
14:40 137 t0o 1.1 074 6 6.7 16Z7 2156 117 12
14 50 147 1544 1.4 1065.0 0.0 2772 2068 101 13
15.00 157 1457 1.2 1065 3 6.0 2662 2612 of 64
15.10 167 1112 1 2 631.4 0 0 251 2308 110 67
15:20 177 #00 0.3 367 3 3.3 1461 103 143 105
illuulluluuuuluuummuuimulumuuaauimsulauuumeusatualsuslsuussulutl...uitlmB-53
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APPENDIX C

STATISTICAL ANALYSIS
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NOTES ON THE STATISTICAL ANALYSIS

The following description summarizes the approach taken in the sta-
tistical analysis of the continuous air monitoring data.

1) The variances of the data on each forklift were compared by use of a
standard "F" test with the following calculation:

02
1

Calculated F = 02
2

The calculated F value was compared with the table value at a 0.05 level
of significance for the appropriate degrees of freedom.

2) When results of the first test indicated similar variances (p>O.05), the
apparent difference in air monitoring data between the two forklifts was
tested by using a pooled variance to calculate a standard error and
Student "t" value according to the following calculations:

7 (x - )2 + :(X x 2 R )2
Pooled variance = - ) 2

n,+n -2

2 2

Standard error c- Lk +
X1 X2 n, n,

Student t t - 2) -0

0- 2xl - 2

i/
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The calculated t value was compared with the table value for the appro-
priate degrees of freedom. The comparison was made at a 0.05 level of
significance for a one-tailed test.

3) When results of the first test indicated different variances (p<0.05),
the difference in air monitoring data between the two forklifts was
tested by use of a modified Behrens-Fisher t test.

2 2

Standard error +- -x _1+
2 n n 2

-(i ) - 0
Blevens-Fisher t = t- o

-l - X

x X

The calculated t'value was compared with the table value for the appro-
priate degrees of freedom. The comparison was made at a 0.05 level of
significance for a one-tailed test.
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